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(54)Title: SEMICONDUCTOR THIN FILM, METHOD OF PRODUCING THE SAME, APPARATUS FOR PRODUCING THE 
SAME, SEMICONDUCTOR DEVICE AND METHOD OF PRODUCING THE SAME 

(smw<D%fo ¥*{ti*K» **>KJS#'ttu #J;tf»i6*ll, 4bWi**#*^, *J±V*o«it*jac 



(57) Abstract 

A semiconductor device having a high field effect mobility is produced by increasing 
the particle diameter of a silicon thin film of a polycrystalline silicon thin film transistor. On a 
transparent insulating substrate (201) is formed an insulating film of a two-layer structure 
comprising a lower insulating film (202) contacting with the transparent insulating substrate 
(201) and having a heat conductivity larger than that of an upper insulating film (203) that is 
formed thereon. The upper insulating film (203) is patterned into a plurality of stripes. Then, 
an amorphous silicon thin film (204) is formed on the patterned insulating film. Thereafter, 
the amorphous silicon thin film (204) is transformed into a polycrystalline silicon thin film 
(210) by scanning the amorphous silicon thin film (204) with a laser beam in parallel with the 
stripes of the upper insulating film (203). 
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* IS tt., ± IB © j& IE s 7 h - 7 y H © {g T £ IB < £ £: & < , 

■<?****#»«©»!»»$*, imv&w. & & im=*© * 5 
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*ttOIS-j|gg® JR6-# & & , C © ,fc 3 fcpoly- SiflSfci:, V 
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*»**OTF.T»tti:«n&8iJifB!h7>y^*4«|| J jtT«s 
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^#&IMb^$£^/iS*sci:j!>i-et N s ic 83 S3 J? MS & H -ft Si « 

^2 9- 3 10tSaR»JHh5>s;^^3&*flsK-c**. 
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5 $^t, »a*+#fcj«"fta**;fir»fco^TttftiRaL&. *© 
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> h & l5llJ?r£i*lS* A> o j|5 gg # O 'J> fc < * loO^CDtt-fB 
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k. L X \,\ -5 „ 

81 * 31 4 9 © ft Ig (* , IS # £ 4 7 © * $ # JK © £i £ £ a 7! o. 
X, ±83SS 1 ©x*;u* C- *tt, ±KttB#4&*ttflt©aj&ffltt 
A J v ±B«lBtt#*#tt©KJl^««i£tttt±T*S i: * fc, j. 
25 |3m 2 ©x*;u* fcT - A tt , _t H3 tt B * <*R © qft JR « ft % ± 



31 



WO 99/31719 



PCT/JP98/05701 



S o 

£ ft Kit), # < ©|g 1 ©x*;u* tT-Atfilffi(*:^#i*K©« 

» t §s * j: v a « k a if h si r- « <d -c , B>ii8#*#tt:Bi#a& 

5 *«t < in&£ ft* 1 1 $ ic, gfliifcAn&Sft, 8§ 1 <o x * * ¥ e - 
a © # & 7 u & c\ ^^^nx^HfiJtS^iSjg^n^cD-Cs 

M $ £ 5 0 © $g BJJ & , if # Ig 4 7©#^<fcflg©iai£;£&-e£ ) o 
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«fc & & 1R ttfc ?£ L T $ M , fro, V— ^-Hl/-f>©*rtlA l ±flHft 
20 &gg 2 0 3 h ^ff i: fc * J: S fcJBjfc S 

ftT U * „ & *5 , f - h ttlftlR 2 0 5 , V 2 0 6 , K U 

4 >nmf&2 0 7^ii)ty- nii2 0 8 o fc&ism t lti*, 
m ifi m m t t s . 

25 :<0J;5i:iTHI6ft&^|jI»|!lh7> > ;^^tt, *8 
iSfitf^l 8 0 cmVV • sects 5 . tt*©*|*-Cfls»L& 
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h v > V 7s * ©€#$&$#i&gtf 7 0 c m a / V • s e c^HO 
t Jt A T , TFT»tt'**«ic"lftJb*'&%Ci:*»-C*fe. 

* ± /B iSS & $ 2 0 3©»i4fcv-;*- KU'f^cD^fiifco'lHI 

« tt ± ib © «t d id - a $ 5 t» © c eg ■& r . ±®mmm2 o 3 © fa 

5 M*fcifcl;TJBJ5&3ft«ttatt©ft^aitiij&«v-;* - h*i/-f > © £ 

i4 1= & * «t -5 c r * n « «t ^ , 

(^JfiO^HI 1 - 3 ) 
± IBUflS © 8 1 - 2 * D % *: t fc -f X © £ & g ^ »; 3 > mm 

10 C©fHSft*>U3>W«.h7>s;^^tt % H15K:5*-rJ:$fc % 
3*©li^iK 2 0 3©IH|lcJKfi6*nfc2o©*ttfltt««Z 1 
0 b€ffl^"C«fiRSn*CV\*jiH* J ±l3ll«i©^81 - 2 i: H fc a » 
* * T8l8»K2 0 2 i:LTtts 75X7CVDCiDiBfiJSft 
fc * • 8 3 *J 2 0 0 nm©fi<btt<b%JKi9M. litfii»I 2 0 3 i: 

^!Sia®«2 1 0 btts j\ $ — — *y & cftlXlfeBSLcStitzJLfS JfiJS 
2 0 3 ± C 8 * # 8 5 nm©^flmS/ga>|»JR2 0 4 

IS « •> U a > » Wft t 5 C i: J; >) J* S n T v> * . 
20 "f&to-fe, h ? > V x * ©tf <T < t * tztolz ±816 not 

2 0 3 ORIU < f * , f ^ffifbOiilllStT^C, 5^ij3> 

mm®mt&(Dt<Dr&<D&&%)u& + ftXi% < * * c £ # ® n c & 

25 at + »c**<tKI:#Tl4i^tftii»fi, ±13 
©*5K±8I6*!K2 0 3©ffflR5&i£<IS^ii-T{c, fi g *u E £ 8 
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fttt ©AMFft «K > ? > * ;* * fcT&j&T * d £ T § a » i#D5C 
14 > ^Alitl?^ifiliai)!«!i2 0 0 cm VV- secL # ft 

U Jh © J: -5 c , * » W c J: * £ IS s •> >j d > » jr. h ? > s> a * © 

aft^*tafti»<ba**j:vttft3isisciB«3F*i , sfe©i!i4& 
t*&©-?fcfti4, »c*r»*iHji[r*t»©-cB:*u, 

(*«&©»» 2 - 1 ) 
#U(fi©SflS 2 - 1 ©*£#&? t X . ^ttOttAtt©*^^ 

16 0 1 6li h7>^#(DWa^4!), 016(a) 14 ¥ ffl 
Bk 0 1 6 ( b ) 14 0 1 6 ( a ) C*U4A-A' Bf ® 0 ft jj* U fc 
<b®X& Z> 0 

IB 1 6 fcfcv*-C* 3 0 1 I4$6ia&gt£-efc t) . £©$e&ttS«3 
0 10±*C7>7'-'3-hJB 3 0 2 , 'i6C, tol^CSiJ; 
20 t) 6 a ^ffiS#^i*IK^^S<b$ nT fi£S *«i*JB 3 0 3 *s Ift it ^ 
ft T V* * . C0^^1 3 0 3 Cli, 11 6 ( a ) IZ jjs f «t -5 £ , 

3 0 3 ©»fiti-»«)ai: 4 ^$^1 3 0 3 
ftXftfilZf£UZmm<D&&® 3 0 3 a*«m«©M-IH-* fettT«fiR 
$ ft T t> -5 o tttos S&S gC 3 0 3 a 14 > 1$ « £ £ J£ # \Z M j$ $ ft , 

25 * © £ $ (*##aao3*'&©»fflfi) svta ($im&&&tm 

fc£l«U©&$) 1 # m $ ft T 3 o ±g3 
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3 0 3 3 0 3 ©±* K » 1 © 3 0 4 

ft S * - b *« 3 0 5 # K W 6 ti T v> 4 . ^It, y-h«I3 0 

54s?<k?i;> si 2 ©&&jg 3 o 6 # saw- & ti, ss 2 ©&$§jg 3 

5 0 6 ± © ffi £ & IC s * $ # ® 3 0 3fcm&WtC«tef&-**0Sg 
2 © *ffl T ft 4 V - 2 S«8 3 0 7 s t H l/'f >«S 3 0 7 d #8ft U 

± B 35 8 » 3 0 3 a O « tt * UmCi6'«:V\tf t g 

©&&£«£ t)8££-$-t*--c, £ & at 3 o 3 & miz 1 o©*s&;&£$8£ 

10 St 5iacr4&»l:,4*#l3 0 3 © K J? ( « it tt 0 . 0 5 
A m ) W ±-C ft ^> T 3^m«TSIItt«: LH« ± 13 ft 

tt£B£gE4»ffift3Afi« 3 O 3 aOMAilf J; D * 3 v% 

s £ jg SB 3 0 3 aCj5Mt«4t5^SitfII5IAOftffl4 
5(ts ¥-$#Ji 3 0 3 C§| n-C L * £ H *£ # # i&| L ft & 

15 t>&#fc4-:5s $£0 3 0 3 a©Mtf3it<mJ; 0*»l\«* % 3§ 
8 SB 3 0 3 a £ T 2 o U ± © « fi J*-* 1 » £ r 4 * ** ft 4 & » *C 
ft 4 « * tz > £8 tt 3 0 3 a © tt % ft a i& £ PR 6 T * * PJ 
❖ HfcMas<Dfl!i©BttT&&Uo $iS8 3 0 3att#$#JI3 0 
3K*m4ttft*4ffl©±ft{cfc£c>T$/tfc*4fc©£&a&1\ « 

20 y-h*i 3 0 5Cftj6T4S£©#K:fl£fiJiUT*A<* S 

t4C, ^©fcttcifc**-**^*'*' > ,* ;i/ fit # c & m s n T u 

nis^^o <*&c v-*, Ki/«f>iB©*n(*jttcffiBr*'J:5 

KflJj5KT4 < fc5£LTfc«fc^o * fc ; R& & £ 5 £ 8 gfi 3 0 3 a ©88 

25 M<DB®\Z%^X\t, £ 8 S3 3 0 3 aC|IU-C, C © £ 8 S$ 3 
0 3a^gSlte,ix4SlCiiSs-r5ia©^$ (w) hfl&2?b<£4,fc 
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•C » * L H , :©Jl5 C8SL4^8^t*, R S 8 iP & HM A!l 
5 tt 19 6 ft -5 o 

±83©A"5&&jB®3 0 3 aj&*J&fi£SftTuacfc£J:»K * # 
Jf 3 0 3 £W--ye-A#!8jH$nTAD*&£ftfc&fc, 9! jQ ft 3 
0 3 a©#fts*ffi£*&3*i«fett £ A «k # A it U 1" V\ t 4> 
tw, £©J3A&*Pe>¥$tt;i3 0 SOipAttCffldxsT&lftftsjEi&ft 
10 £fc> *©B8, R0'«)KjBS 3 0 3 a, iS.tVWl^tSia 

© 3? & SB 3 0 3 a 6, fifc ft r % & H *ft # 5 ^ fc* & r 5 C ttt < .* 
^<*/S 3 0 3©*Jtean*$£*-CJ5fcftL-*»TU£i&» it & 1$ * # fc & 

.Att#«fiasft*. * ft * , *#s&«;£a!ifi£S5©Ts tft« 

15 *K:,'±|BOJ:-5ft»IKh5>s;^*©»aS*asC-3i\'t, Ell 
Bt#IBlft#6ttl!t«. 121 1 8 K h 5 > S> * * © « jfi £ 8c 

± 1\. H 1 -8 (aJ-CStnc, IS^ttSffi3 0 1±C7>^ 
- 3 - MB 3 0 2£J&fi£L> ±IBT>^-3-hJg3 0 2 ± IC >> >J 
20 3 > *X, ^SS (##ttA) ©*i£#Ji 3 0 3 fc^tfcf 

5. & £ , 303±»3 7*hvy*> ( 3FH 5* ) • feflfr Jfc © 

»ttfc»iKJBj5SL» :07tH/j;7U i ?^ni/t, bu 23 go 1 

6 (a) fc m t X $ \Z , $$&&<D¥%fcJB3 0 3a!)ttfatZm<D± 

25 ^£L, *©&, ±§3 7^huy^h^|^5St ; 5o 

El 1 8 ( b ) CSitiH; ±tB»JkK ©**.<*« 3 0 3 
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£ x * ji * - m - h 1 u x <o x * > v u - y # * m s* l t & n. <b $ 

it > poly-Si so aujifc't*. l^--tf^C0R3I^S> 
It <D £ £ g& 3 0 3 a£Sft3h&AMi4&$ttJB3 0 3 i: ¥ ft ¥ 

Hrtfc*^T^niB©3*ra»3ifitt-r*0K»LTs * * as £ § a $ 
5 ft & ii * £ in $ ft x ^ & i\ m m w iz u a* © & & m o -c N 

jg 35 3 0 3 a. * % ito X m & ® (D % W * & ® IZ & x + ft < ft tQ $ 
ft * „ 55®gP3 0 3 a»r*S»*MStttt, * * 8M;: £ .& 

*£H&cfc t) *> ¥ <^ B§ 8Jtc $8 £ L > * ife SMC & u T 8 S & IS £ u 

« ^ T » B18 (c) £ fH t «fc a fc s #lftS 3 0 3 SV7>^ 
- => - h JI 3 0 2±C)Bl<Z>|fi*j|3 0 4 ft fi£ U > 
15 if 3 0 4 ±Cg 1 <0%MXh -5 *t - h « ft 3 0 5 flK^At 
* V 

* 0 & > 018 (d) \ZfHt £ $ IZ, Ji!JSa>r-J>mft3 0 5ftv 
^^HtflU, mii^mft® 3 0 3 £ •< * > & A & 3; & li g g # 
*ftfTfc&t-W*> K-K>^ttt:j;t) K * - 4i U<tt7*-fe7* 

20 t * * =f H * ft » in f * C J; -a x , V-7*« 3 0 3 aSlFK 
M>il 3 0 3 dS t5, 

* ft , 018 (e) K ^ t <fc 3 IC , ^2Oi?6i^^3 0 6$Jl$J5£ 
L & , 3>^^h*-;wftBBPL, V-7M 3 0 7 s, h' M 
>«ft 3 0 7 d ft afcJBrt > 3> * * 6 ft * • 

25 & * , ±ge<D05T*li, *S«:S 3 0 3 HtS i ft JB V* fc # , fib 
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i C © «fc -5 & I V & £ -5 U©fl&©*fl*£fcH*^ GaAsiDioft 
I I I mtv motofrfttUks CdSeCiHI I V I 

6 acfcfc^tfo, rt 8g -e & a . 

<* 6 J3 , ft 3 IT © * ® ft® 3 0 3 £ £ g H <b $ * * IS , x * ;i/ 

-A-CSUrlz-lf-, Y A G V -If-* © U * > 

10 (^«B© JBfii 2 - 2 ) 

H«©JBJB2-2©**<*JR?i:LT* 3J»^^^3g©^Mhv> 

y * * <DM*mw + z o 

Ell7l±&fl8l*7>y**©&B&EI-C&tK 0 1 7 (a) tt ¥ ® 
Ex 017 (b) tt ED 1 7 (a) £ * A - A ' ®r ® El £ *s L 
15 *<0-CS5, 

u©iih7>->-^i'ii > m §3 © ^ fi§ 2 - i tt ^ r s ±t 

Lt, jS»^^Sf«aST*«jSi: v SSj8®3 0 3 atf#«*I 3 0 3. 
© £ J3 £ £ o T B J$ $ ft T <^ * £ # g & * 

H 1 7 C*l%T, 3 0 lli|gittS^Tife!3, £©*6&&g8i3 

20 oi©jb3&fc:7 > >y-3-H3 0 2 1 *©±£tcsg l ©*«g'-cfc 
* y- h *& 3 o 5#»u&nt^4. $ & c, y-v mm 305 

Sfi^ll(5^ll 3 0 4 *s & ft, SS 1 © 16 & JI 3 0 4 ± K # 
$tt«3 0 3#»tt&ftTH*. :©*«»® 3 0 3 CB, 017 
(a) \Zmt «fc 5 t, #4H*JB3 0-3©±WC, #$ftjI3 0 3 i: 
25 W-¥lffl(*IT?^*K:SEUf*att©^jaffl3 0 3 a#ffi£®fK]|¥ii£& 
T fl* £ ft T V>So ' C ©£}§& 3 0 3 a©Jgtt*tt, X%©jgffll 
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3 0 3 a ©WIHfcft < ffiv^T ^ S fSffl&©JB® 2 - 1 i: # 

m&m 3 o 3 ©»s t mm&izm&t * z un. l, pi 

$ # JS 3 0 3K**B&fc»ttr«-*J©»2©*ffi-Cfc*V — 
S 3 0 7 s, K 1/ * >*ffi 3 0 7 dtfj&jaSft-C^* . 

# ' c , ± ib © «t ^ & $ r h 7 > i/* x * © ag & # & c o ^ x , hi 

* T » 0 l 9 ( a ) «8tt»«3 o i±'t7>^ 

-3-hS3 0 2*^J5£t. iHBT>^-3-h®3 0 2±K:mi 

15 ifc t3 . EI t 9 ( b ) CStiiC, SO 12 y-H! 3 0 5 SV7 
>^-3-M 3 0 2 ±Cil(5i^i 3 0 4 MS3S8 1 

©»»1 3 0 4 ±Ci/ij3V*ftf #HSC ( m # & ft ) © 

**fli| 3 0 3 4)gjiEt5, *i*J| 3 0 3 1137* h 

* h ( * El ) fc/i[f£©JB#K:»JRJ&fi5l,, 3(5 7* hl/^^ 

20 t * * £ u T , 15 23 017 (a) \z m f «k -5 fc , #ftfC©#«fl£JI 
3 0 3©£Ji£fc£oTI^-¥®l*|-eiEVa££3gjS3 0 3 a £ £ f 

El 1 9 ( c ) CStJ;:!;, ±B3#ftff ©^$#/I 3 0 3 
cx^;i/if-t-Ai: t t © x * v i/ - -y 3% * I» » u T tt ft fls * 
25 Poly-Si0 3!(glJ:t4, lit, ± 13 © <fc -5 

3 0 3 a*«^J5S$nT^*Ci:tZj;t), «II3£JS®JB»2-l , Ctt 
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* © & , B 1 9 (d) C w t * 5 E , ifJ] 16 # $ ft JI 3 0 3 ± E F 
- \Z > if \Ztt t % * >? t L X V> \/ V Z Y 3 0 8 ^^0ffti:ig 
tRMftb. til !3 U ^ * r 3 0 B * * U T , 1ft 33 # $ # iB 3 0 

5 3 1 -f * > a a » * fc « k a » « & to fc iw * > f - e > ^ as tc 

oTs V - * « tt -3 0 3 s5V^O«I 3 0 3 d £ Jfc U > * 
i*C,.H19 ( e ) CwtiH, V-^tS 3 0 7 s ( HI/ 
ft * x * £ fife © fl§ 2 - 2 C i* vn T 4) s HO 83 * ffi © Jfc ® 2 — 1 T 

&tzs ±83©j;$fta»;<*j{fg©»Rr5>y**fci»&T\ $ 

B3 15 ffig © Jg IIS 2 - 1 fc PI HI <0 7s 9 H B © g JK r 7 > ^ * * % & & U 
15 R0« © «& JR « f* S> ft * 0 ± 13 ©.<fc -3 £S8S 3 0 3 a 

£#2&#Ji 3 0 3 <D£m.£. t>tcr>XBft T * © E ft * "C , Hffi©J& 
18 2 - 1 tH«l:Jiflt4ja£l7fc»fiSt5 i^K.ltiJ;^. 
(fli&©J&fg 3 - 1 ) 
El .2 0 ft n b HI 2 2 £ £ -3 \\ X 8& 91 T 3 „ & tf> ic , * $ ffig & 16- 
20 tC ft miSk Y ? > V Z$ (TFT: Thin Film Transistor) ©4»S§ 

* n m t i o 

fsa 2 o a , i7*3jS(DTFT4'i o<DmB§£7j*fm5£ia-e& 

D> EI20 (a) I1T FT 4 1 OOf IE, El 2 0 (b) El 2 0 
(a) \Z l* * A - A ' ^miSfEEITfe^o 02 1 li , E2 0- (a) 
25 C * W 4 B - B' * $5mrriSEi"Cfe4o B2 0C5tJ;.it, TFT 
4 1 0 tt, ISSttSffi4 Olit, 7>^-3-h®4 02i:. p 
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-s ii 4 0 3h,Sf§ieD&ifiiyi4o a m 2 ®mm& 4 0 6 

V - H Mm 4 0 5 , y - *m*S 4 0 7 sSl?FM >m«S 4 0 7 d 

. ±83tt*ttaS«401tt<W*«ffi*jfii593-C % ffl[$l. 1 m 
5 m(0^7^3£|S-efe!3, r>^~3-hJ84 0 2 li #1 * (£ S iO a 
*&fc*»jR-C<fe*. £ £ ± 13 p - S iR 4 0 3|*,7'>*'-=}- 

* © T * *• . :Op-S i)S 4 0 3 Ji , ^ + * jl/ ^ $ 4 0 3 & ts 

V - ^ ffl « 4 0 3 b»tf Fl/0«« 4 0 3 c fc-CfiU&Sn-C* 
10 & , y-X«« 4 0 3 b S'V l f H>W40'3ctt, * * * ;v fg 

$4 0 3 a©flMBK{fcHL"Ctf*S. !£ V - * i$ 4 0 3 bSlFH 1/ 
> ^ 4 0 3 c {i , 'J>Xli^o>^iD^iW^-f2r>S F — kf > 

±s3 p - S i fig 4 0 3 otfW t It m*.\Zis i; □ > (Si), 
15 SL<tti"j3>ky;i/7 = ^A (Ge) fc©fl}fc*jfcJBHS. $ 
ftp-S 1 1 4 0 3 Uttt, » *.-L <li2 0 OA-1 5 0 

OA, «fc>)»$L<li 3 00A-1 0 0 0A©«§iaf*ii:-r-5o 2 0 
0 A*^t©@ * fc, IKJSt©*9-14fc:Bg]S#£ 1 5 0 0A 

£ iS * * i: , ^ISJi; <t !) v-^ • K 1/ -f > W K « * # *ti * t ^ 

20 5 U IJD * 7 * h 3 > ^ * */ s > © H H # £ & * D ' C n (C ft U 3 0 

0 A ~ 1 0 0 0A©l6BBrt-e»*i:, ft# © « 43 J; V 7 *■ h .3 
a >©;K££iEiT!£<sa>£>Tfc* 0 
at, 1212 0 (a) Of t'*;HS«4 0 3 a©^R]X^(qJ©®{±, 
«*«»1.2#mfcU* P-S i flg 4 0 3©fcEPY£lRHCfc{*a*i 
25 14. «jttt»l 4«mi:tS. 

C C , ±fif t*M« 4 0 3 aCtt, 12120 ( a ). $ IF JB 2 
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1 j;^ !:, ttftoftttottfijijtftftftfiiyftigHMi 1 v 

-^«l« 4 0 3 bi Kl/-f>«»40 3 c Ul^dl^l:?^ IT 
B^^nriN-S, C ®8il&Jt#l4l&lfll£Nl 4 1 ltt> 
Pi ttl S$ # * ft 7? * 5*1 & # B * ft&ft -C & & , $ * 8R S It * ifl 
5 « ( # ft C & £ r * £ ft © ft |gj ) ttttUmtfti. fiL, & 
aj&&£fflfl!lflP2Mt4i l © b tt > ft £ PS £ S ft a © t tt ft 
Uo «l*ttft^»*o9B«-cy-^««4 o 3 b *» e> I'M 

4 0 3 c ©# ft KJ&fi&S ill V>T J; \\ 0 
±IB*-**;i/ffl*4 0 3 aCiltiggtttt, 0 3 

10 bXttKM>IS« 4 0 3.c©»ftC||<l£i«ofc»ttUoT 
ti t) » C © «fc -5 ft & fa tt # # ft & .ft LT * * » fl! 4 0 3 a £ * 

* * 4 0 3 a tt , V — X fll 4 0 3 b £: K U-f > « « 4 0 

3 c fc*tt£*fok::ft{t*tt«ttMKj&M\SM©T** m *s * * 

15 $ * o 

SlOi8K 4 0 4 1*, 08 * tt S i 0 a & ft S *&®B& U & !) , 

p-S i fl£ 4 0 3 SlT7>y-3-H 4 0 2 <D ±15 tlX 
V\*„ y-hf«| 4 0 5li, ®] %.\£ 7 I* ( A 1 ) $ *> e> ft 

D » ^ 1 OiilK 4 0 4 «D±Slf, 4>op-SiB4fl3(Dft* 

20 * « tt 4 o 3 aiuttjfc-rattBfcasttfcftTMS. £ & & 2 © & & 

K 4 0 6tt, MiliSi0 2 *iftD, JtgBSfi 1 <D1&®1& 4 0 4 i 
Vy-b«® 4 0 5 ©±*t«« S'liT V% S o 

± 13 » 1 © *i 1BI 4 0 4 Rl/m 2 <D®®m 4 0 6 £ tt , * ft -? ft 
P-S1K 4 0 3 CV-7«» 4 0 3 bXI4KM>IU| 4 0 3 c 
25 CIt*3>** h*-A 4 0 8, 4 0 8 ^JBfi£$ntV^S» V — 

2 Sffi 4 0 ? sStf FM>«tt4 0 7 d tt * 0y *tt* A 1 ft D 

61 



WO 99/31719 



PCT/JP98/05701 



Jt&n > * 9 b ft — to 4 0 6 , 4 0 8 ^Lt, ± IB V - * {ft W 4 
0 3bXttCH>fll« 4 0 3 ctifflt5,t5l:jB/S§nTl> 
* « y-Hi 4 0 5 , V-^t® 4 0 7 sSV H l/^>«i4 0 

5 c h \z «t t> % Ktt/< * - > jpttfins n-c n a.. 

H 2 2 li , T FT 4 1 0 (D«iiS^ti®iaE|- ? $ 5o ft 
1*, EI22 (a) t^t^l:, Jftlft'ttStic 4 0 1 ± fc N 7 > ^ - 
3 - h Jl 4 0 2 S E C V D 8 T Jfc Jffi * * . 7>^-3-bJB4 
10 0 2 © ft # tt , «jtli 3 0 0 0 A t t * o 

±837 > >*'-:3-hJB4 0 2±fc: % ?«ili77XTCVDai: 
T * S i « « fifc L % £ © S i M ± C , 7t I- l/y^ h ( E3 5s L & 
• ^) £ffi£©r*#£?I!Ri${c^$-r*o »Cs ±SB 7 * h u h 

c n tc «t o > in sb m a fiK ft * irj w « 2 w 4 i 1 •••«&•# r s » 

Sa*#»IJ:U(5a-SiK4 13i'r^-5l5, a 
"S il4 1 3 <DflK9tt. m * I* 6 5 0 A t t * o & * » SS&fiSft 
*ft»J»SSW 4 l i*««K:^rt-r*»^K:tt % »»«:7*M/$; 

a "Sil413ffl jg-tf C^^t » EI 2 2 ( b ) CSti^l:, 
± IB a - S i fig 4 1 3(0i|l:i*'>7l/-if-$ l j, a v b j$ ** 
LT, 8a-SiK4 13*i0to»»bfc», ft ft IT * . :ntj; 
tK ^Sf?-^^<*@i:fCOp-Si|ia4 0 3^^J5g$n2)o 
25 CCT, x^v^if-Sfflu^iftait^j., a-Si 
fit 4 1 3 14 •# * ft K *j W * ft jk {$ & # * § v % © T , a - S i K. 
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4 1 3<D*fr®(D&&Z+frlZ±ftZmzbt i "Z£Z>-j3> a - 

5 i hfc&&l&&fifoMm&®4 1 1 »• © & & it U - -y # 
#»iRSftft^©T?ffl**ffi<«oCi:#T»g% 0 Lfe'foT, JSC 
»»8C*^t. 8ft£&JI$&£|q]liHjflii2Rgt 4 1 l©i5® ( * «k 

5 U a - S i 8B 4 l 3 © f23 U & ) © iS & # IS & <b B8 $S i£ & SI Sg L , 
££T*«B©f6att#£i5fc1-.5. fits €©&lic:©*SS*S£* 
'fc U T fa II $ g # ft tt 3 c: i: £ a # , RKKW L'fc J; ^ C. 

-caMSnt, 7 - * fl 4 0 3 bkFl/0«« 4 0 3 ct$ 
10 j^*^lRj{3^3|$n^o £ © tt * , V-7flltt4 0 3 bfc KM > 
« $ 4 0 3 c fc£tt£#l4C&(*«JftBtt#ttK©/J\3t,\p-s i 

ttiax^jw^-e-AoBntjfeftjj^xtt, «^axe c l ( « 

S 3 0 8 nm)«f«px**>vi,-4f-®j|fc % tr-A©»r®J&##, 
15 «*. tt - a # tt 5 U © * » T * « 5 0 n s01/-1f-^^;M%i 
fl§f*o U-tf-Jfe©x*;i,*-fcB b ©RRJJx.* 

/I/ * - : mJ/cm 3 ) ttttt,. a-S i JK 4 1 3 £ |§ H <b <* 
* ©KiS Ufci&gCiD&T? § * «fc 5 IfiBStfttfJ;^, 
ft * ±!2x^->vi/--y-i:tTli, XeCUiC, A r F , 
20 KrF, XeF?Ox+S/?l/-if--cj,tU^. & & © IS H 
j£ft£fflftlffll2Ml4 1 1 cDiKD^iC-putlis a - S i J)£ © JK 

£ Ltfe <& o $ , MH$;:g£|6l$y®IS|8a4 1 1 © l|@ C O l,N T > 
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±83 U @ il <b ® & * 02 2(c) tjrt.tai:, ± 13 p - S i 
88 4 0 3 ± I: , *l©»«JK4 0 4%SfiECVDttCT» K « 

0 0 OAtftUKsliit^ g K , ^ 1 CD ^ fl^L 4 0 4 ± , 
5 «iltfAHR*JKW2 0 0 0AK:J6t*J;dK^/l9»*U>yu« A 

1 x y ^ * > h jfc $ ffl v\ x titi 1 & ffl •> x v h x y ^ > r * c: £ 

«fc t> , m £<dt&#£ ^ * > y ux , h «a 4 o 5 jkvmm 

& * EJ 2 2 (d) K ft t <fc "5 tC > ±B^-h«a4 05€Y7 

io nu, p-s iK4 o 3i:, ^*>axaxttsfi»ni*fit) 

* » C ft £ «fc £ N lEp-S i« 4 0 3 C, ***A/«i*4 0 3 a 

v - * « « 4 o 3 b-svFi/'f >ai«4 o 3 c t # j& # s ft 

15 

£ £ Bl 2 2 ( e ) * £ 3 , ± IB 7 - h M & 4 0 5 ± \z , 01 

* H S i 0 a » b & * $ 2 ©*6&& 4 0 6 £ , SffCVDSCTJS 
iP5 0 0 0 A hit** {zm&T * o ffi U T ^ Cl©Sf§l©JfcgiSl!8l4 

o 4svi2 4 o 6 c, * ft*ft p - s i m 4 0 3 <0 V - 

20 a « tt 4 0 3 bXI4Kl/^>««4 0 3 c C i§ 1* * 3 > * * h * _ 

A 4 0 8, 4 o 8$ipt5.aM-c, a 1 st* * ft -eftis© 3 o 

0 0 A R V 3 0 0 0 A tc & * «fc -5 £ y * U > ^ U ft , '03 * li 
BC1 3 / C 1 2 ^ ^ 7 4 ffl ^ t h' 7 -f z y f > ^. I: J: 0 , flf £ © 

25 H>«fi4 0 7 d^ £ft&©KSi/<*-> tVM&znz* 
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« fifc T t , cnti !)S#3BiI^Ug|;®nt^^>!fS(!)TFT 

5 &tltzT F T *&mizSk{*T< % Z a 
(MM(D&M 3 - 2 ) 

*»WfcA»*»*Xi6©B»3-2k:oi>-c, 1212 3 - H 2 5 CS 
tJ^TRWt.ftt 2S«5£DJ&<jg 3 - 2 fc*»A»a8ffi! h 7 > ^ ^ 

^0«fi£53gO-5-fe, «ttttfttlBJtffi®flg£3 - 1 PQ ft fe «| ft ft 
10 ttCo^ttt, H-OSiEFfc^'**^ LT»W3SiEttW*i«r «. 

B2 3I4, *!ljt(D^lB3 - 2K«*I^*ifI!OTFT4 2.0 
©tt*ft5%1"fltaDB"Cifc.-3T» 12 2 3 (a) lilKT F T 4 2 0 O 
¥ M El T & t> . 12 2 3 (b) 1*023 (a) C * * A - A * X® 
IBrEEI-e&So H 2 4 tt % El 2 3 (a) CUinB-B* & 8 Iff If 
15 BT$ *IT^5, El2 3K:^1-«J;df3, ±53TFT4 2 Oli, 

& £ *g 4. 0 lit, 7>^-3-H 4 0 2 p-Sii403 
il. «U««R 4 0 4 2:, ^-Mi 4 0 5 , y-7««4 0 7 
sSVHW >«1 4 0 7 d®3o<Dm<Si:* J 82{t6>nT«fi6$ti 

X * o 

20 ±IB/T- Hi 4 0 5 li, 40 li(D7>^-3-h 

IS 4 0 2 Jt tfShTHi, JtIB£l<Df&lftlK4 04ttt ± SB 7 
>**-:n-hjf4 0 2 SV^-Hfli 4 0 S ±lzmj&$ tiZ ^ Z 0 
fits' K»l©tt»«404_tK:ti: % p-SiJK40*3. 3b»«5jaiS*l 
TV>*„ 

25 ±Bp-Si«l4 0 3Casl***-**;i, fg $ 4 0 3 afc 
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m 2S W 4 1 l«#yr^l*4 0 3b*6FM'>**4 0 3 c« 
*rtUC«J«-*nTVN« (El 2 3 (a)S^E2 4#^o)o V - * « 
1 4 0 7 aSffFl/'f>«l 4 0 7 dtt, p - S i US 4 0 3 ±© V 
- * 111$ 4 0 3 bXUHW>a* 4 0 3 c 

5 $ n r i\ * 0 a > ±ga^ - h m«s 405, v «a 4 0 7 s 

h'W>ii 4 0 7 dtt, 12 w © Kr ffi U # © 8 » "Crtr ft ® -ft 

^-->^$n5.:tf:^t)> - > ft » j* b t n * - 

£©ISi(S©flUJgC&*TFT4 2 0©S!l&£&£E12 5^11 
IB** . B'2 5 lis 1I3TFT42 OOlHiS^tSf 
10 B3 g| 5C KIT & * „ ilSB^JSOJKHS 3 - I $S*i 

f$g« 40 UC7>y-3-l>i 4 0 2 ft * „ $ & f* 

t> y-zi- h ji 4 o 2 ± tc m ft © JB # 2: a <fc 5 £ ^ * - > ^ 

U X s y - h ««g 4 0 5 £ V E tt * - > ft JB J« 1* * 02 5 (a) 

#!S)o 

15 & £ , 025 (b) £ *s f «fc 3 £ , liay-fSi 4 0 5 SV7 
>^-D-hJI4 0 2 ± , HO|6iBjt 4 0 4ft^figr<5.S*Cx 

m m mm vmmz - 1 tnicit, 11101^^4 0 4 _t tc , 
«i^a77X7CVDai:ts i m*Bi$,r * „ z © s i ji _t \z , 

7 *- h b * * K ft ffi ft © Jfc# fc: « JR « fiS b £ ft * C<D7* h b 
20 ^7 htT^^tlti^lfctl, X >;/ > $r C T ffi ft © B ft-fcVl 

* - x > ^ -r * 0 * © & > ±S3 7*hui;*h£i&£T%<» ;nc 

«fc !K tSfiJ$JI«|q|fl9fllSHl4 1 1 ~ft«*'fc a - S i «U 1 3ft 
El 2 5 (c) l^tJ;^, ±g3a-SiJ&4 13©±iS 
Cx^J/Ylz-lf-tlUL, tt a - S ii4 1 3fti®S<b$-&-C 
25 p-S ii 4 0 3 §r^t4, 

p - s i M 4 o 3Ci'it5f t^;ma4 o 3 a. li m 
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HS3 - i t ® « tc , $ s n a" e a & a y - * « « 4 o 3 b x at k 

1/ * > ffi * 4 O 3 o © * ft C » ft < £ # »tt fc * . & -> T > 
V - 7s m i& 4 0 3bfcKl"f>ffltt40 3cfc$«S^ig|g*iak:*j 

* © & > 02 5 (d) i; w t i ■? 1: , ±fip-S i«4 O 3±C ■ 
w s> * h SI Si* b> £©*&#£ = > 

y t , -r # > is & as turoi/i;^ b v * * 4 1 4%^figr*o ± 

&ft(£ft£pgjt$ft6fc©-ctt& < , s a © a * © © & & $ * 

cfctf-csa.JKfcftfcH:, MAiiiiiyui;^ i< (®bs : ofp 
R-5 0 0 0, ««f&<b«c3$dtt«) WW&V b.tii 0 £ & , 

* hffli® & a © k is *> ? , 7 * h u v y 7 7 -f 

± B3 U *>* * h^^H 1 447^ni/t, P ~ S i B& 4 0 3 
VLs W * > Y - \Z > V & \ZT , 'J > X □ > © ^ #fi & W 

*>SaAt5, :nct 0, ±!3p-SiJK4 0 3 {Cx ^ + 
$ $ 4 0 3 &ts Rf-**;Hitt4 0 3 aOH«lCV-7ffil(4 0 
20 3 baVKI/-f>tStt4 0 3 ci:4i|JiE?ni t * © & , ± S3 b S> 
;*hv;**4 14fcM*U» 02 5 (e) fc^tJ;^!^ V 

- * « «I 4 0 7 silltHW > S ® 4 0 7 dfciStRftijfcJ&j&LT, 
3-2i:i5l7^^l0TFT 4 2 0 4 if * » 

£©<t?KLTMU£&;**#s©TFT£&uTfc> ± 33 H 

So 
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(nmoB® 3 - 3 ) 

C (D UM® M® 3 - 3 its fiffi<Df&!S 3 - 1 , 3-2fc*tt*» 

5 T x B2 6IC£^^TflXO»IB3-3i:^/p«)SSSj9Ki|i«# 

PI & -C & * © T- > ttTOBBKU^TIi, * 81 *S S <b tt B8 1" 3 
»*tt#0ttWfe#*1-*. it, l9E*M©Jg» 3 - l xttSSlfc- 

OUT, H-©ft**ttl,fc. 

0 2 6 l: /75 1 «t o I: , p - S i j& 4 0 3 tc , f- * * ;i/ ft t& fc: , 
V ^- * « tt a» 6 K > fS $ © £ ft £ »J >X(i^o>§IW^a)^$i6 

15 b N ^<0«fe-5ft«a**r*TFT4 3 0tt«OJ:-5KLT»jft-C 

ft r , ij ib g is o s m 3 - i i: m m\z u -c, ± ie & g & 4 o 

llC7>^-3-H 4 0 2 S, w'ffCVDSCtrtKt*. & 
13, ±I27>^-3-hf 4 0 2 1!;, flmar^xvcvD&fc 
20 T, SifSljjlU, COS iHC, 7 ^ H/ h 

13 

a-S iR4 1 3<5f t*Mi« 4 0 3 aC*^t, V 
25 - ^ « « 4 0 3 b* & l«- M>S« 4 0 3 c (DjftCiftl: y >X 
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X s *®®§klt®t$,4 2 l#M?hfea-S i & 4 1 3 0411: 
x * ;u ¥ -K-At LT©xdF->vu-ifh*-A45 0 n sg$l 
L , L**fftJtti*UTa-SijK4 13©18a<l3SfT5. 

t^, a-S ii4 1 3ffiOiSgtfi|J!3 x ^©aoSt^CtDa 
- S iK4 1 3©S£#&$gK:©TT*#x a*RT<Da«K:*^" 
T> ffi®fftt(CftA,l;T?J8!tBB4bflltt42 l£ftttaliBlfc*s& 

. £ r * . & « * & % * xiii a ft * * 4 2 1 & ?n * 4 * > « g a, -r - 

10 a c fc J; & % fte«UJ;D«ftti*KTgB4bi&s|Bte3nftJ;3 

aagi'fTbn^ .tor. * s &»atfc#a£ Lfcpoiy- sii 
±ftte&itfflftumzmtb2>z tang z>zputo<( & a - s 

i 0t te a A t * H m \t s W«IR*«n**<DTttJk<, * & » © 

20 5, St, ^HB*£iHb1g® Uli, ±a3©£-5i;:^$f6%'T3|->£ 
aXL&fecca^, ft 6. A» t © SB % 65 tc & a it S * fc 10 W (7 

utsa) zb&l. *ssttg£js (asanas) ©*a&& 

25 1% 0 

(^flEO^SS 3 - 1 ~ 3 - 3 {CO UTO* ©(&©$£) 
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munmowtWi 3 - 1 & visas© j&js 3 - 2 ic&ut a, a-s 

^ffifi£S^lPi^J^Sl®4l l ••• * K fc a» » # 8 Wli £ © flg $ tc IS 
&£n*fc©-e«:fci,>o w * tt . H27CwtJ;ii:, v - a $ # 

i - * m if x t> «t \i\ o co»*ci^tii, v - -x % m t k v 4 > 

tz\* z Qfflm t &\z , fa izmfft z sterna. 

ft#fflfflft&Rjt4 3 1 <D®m*mJE£.Vi&1r Z Z £ \Z X D ; i|£ A *4 
10 © » £ ft £ S *1&m%MWT * C ttfiH S * , 

£ , * » W T a , H2 8CStJ;H, a-Si^0^-^^;i/ 
, a-s i fig * II & u&i*i8S©3SI«*a8tf-TfcJ:^.BC, 

p-s i ma&mzw-mizt * © t> x tv. 

St, a-Si|41 3©f^iH«C, #<£35 i: i£8fc©#|& 
20 M©A%«ISAj£ft«i«ift!|0fl(««^J^t«O«J:v^. 01 it- tt a - 

P$llBJififbrt:*&£> ±M*f#8MLTl>Sa-S i 181 S$ # © il g 
± # # 'J* S V> © "C > fb©fH*fc]t*T*WlCttAtt* l »«fc1-a. 
ffe £ , 0S*tfa-Si&«fcDfcJ±&©/.h$ufis#£ v v - * IS isB £: 
25 K U * *8.i:#fc|K:lft8tJ!|«« i^^-C-AiS 

1$ 18 fiB # * * i: , a-S iJI8J;0fcC©gU*r©iag©£tf^<ftS 
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±ttUM<DBmn fit, P-S iK 4 0 3 ©*fl4i:l,t, S ill 
5 < I* S i G e £ ffl fl§& & ^ L £ # , ft fc , # % US C * V* T 

is, cn?>oi{:K{bj/';3> (Sic) ©*sfci.v«w±©tt 

»^fctC iift^i^, fc <b # U S A (GaAs) © J; -5 & I I 
I & 4: V m £ © jfi# £ to •£ C «t * ib-kto , -fe u > it * K 5 * A ( C 
dSe) © <fe 5 I I WitV mt<D$&fr&t>1k\Z £*it&®tt z $ 

io &ffiqrtg-e£* e 

H £ , * ft BJi £ * v\ X fit . y-Hg 4 0 5 , V - * ft'flg 4 0 7 
8»lFFW.>Ii 4 0 7 d0M*4tlTA14figffltfei«4^ 
L fc # , © flfe tc , & u k (Cr) , ^ij;?^ (Mo), * > 
* ;w ( T a K ^ * > (Ti) ^0&jgXttCft&©^&3?£<$ffl 
15 tTUH,' 

SIC, *»Wlc*^Ttt, a - S i 88 4 1 3SMSftt5|!Sl:, 

# , * © flk tc % Arlz-lf-^, YAGl/--iJ , -^F©l/--y-^ x 

(£flg©fl5fl§ 4 - 1 ) 
CI ©TfcJ® 4 - 1 -Cli, £- A ( jji 
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ft*saiia«Kft#rsti<D-eft*tfs & ft c it ft h ft ft c & 

5 £ # Ji Ao i fc 14 $ 'J> t Z * CD ft Z T fc -3 T t» J; ^ o 

— N e i/ — if » 7 ;i/ > u - , & $ # * u - if , a 'k - u - 
x*^vu-iffc£4>$ii©u_-!f#<£#ig' gg 7j & * „ £ l, , m 

* am# & n s 2/ u ^ > ic j: < qa jr $ n * c t a £ * & N x * •> v v 

10 - if £ ffiffi r * O ifi n £ L U o UT v U-f S«ufe*l8 

BH K: * £ u - if 7 - - )i m \z o \,\ x i& bjj 1" 3 o 

ei 4 2 1± , u - if r - - * & £ ffl u ^ e s ft m it it m a m k * t 

H, Ifc & El T 0 , E] 4 2 •+> , 1 4 0 Olifte-AJRJJJSt,' 1 4 

1 Olifte-A#{ftSif$tt*&|Sfcttt:£^U, Mtwl 4 0 1 tt 09 * 
15 «Xe C lx*j/7l/-1f4«Utl/-1f)tfSiS-Cii&!)> 140 

2 14 S 5 - » 1 4 0 3lit-A*^ «^tYf-tfc5o 3,® # K - 

a^w^si 4 o o -e ii , > - if at % £ gg i 4 o i-c»£Stt&# 

« >7 - 1 4 0 2 HLtt-A*ti't'fiJ , -l'4 0 3 CII, 
20 l% * . li-A^^^^^if-1 4 0 3 1 14 > #e-A£5S?&1-*fc 

* -WUm ( ^ 12 /TO ?titl^, 4, -p "C \ l/-ifft$g£g§14 0 

i x % & Ltzyew z (omm7 * * $ - zm&t z z tiz & $ , w 2 

± 13 it % S 1 4 0 0 7! 14 x *K ¥ $ » ft x * * * - 
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sgfi ( # # w« s & ?> © j& w x * ;u * - ) #3oomj/cm a > 

x*^¥-«&Jt©ft^fl«L#2 5 0 m J / c m 2 x x * ¥ - & 
&©Rh««Hj&* 3 5 OmJ/cm a , t- A Brli^tf 7 mm x 

1 O^STiK, «7^S«14 1 KDIC, Miltiff CVD 
ttKJi-9Tjyi**«8 5nm<0*#MSf<>i;3>ii 4 1 2 
10 I" £ o «fc U M # fc 14 , ft * |J £ J& # * k L T © * ^ 2/ 7 > iJ X ( S 
i H « ) £ 14 •>* «> 7 > * * ( S i 3 H o ) € m K s E^SST o 
rrtCLT, # 7 * g f£ 1 4 1 1*3 5 O'C-5.3 0 *C K *[] & b 
ft Jg *C s *JHeSH^'J3>JR14 1 , 2-fcjajHr*. 

ccit, #?^as«i 4 1 l©±£0iJ;tliSiO 2 fre>fc;&Tfl!s 

15 ®i4i3Siisu i ©f%jB ©±c*#ean^ <j 3 1 4 

1 2&/fiffi^tU^, S fc, *JHtta«^»J=»>Kl4 12©JSS 
ffit £ i£ £: L T 14 , HECVDfcCRRjgSft* fFS*!* 
77X7CVDSSfflUtUM. £ fc , ± 13 ^ # US a H U n > 
fit 1 4 1 2 © |& £ 14 , 8 5 n m (3 PS £ t\ 53 £ c SS £ f ti tf J; U , 
20 CO^CUMl/fc^JIHiai^J^llll 4 1 2 © ft £ © 
ffitt 1 4 0 4fc*fL> *C-A!H«aaEH 1 4 0 0 i>^SI?jxr;i 
Jri/7i/-if^S0j^ai 0 2/ 3 y MH» L T MS tt « 8 B L , 

BS fig U T > «J8l*fc 1 4 1 0&S$«*&&S8 
25 SSlCAn, rtl*»!S(filO-'torr.) £® (ft 2 

3-c) ^«=T-e, ±«a"tt*^ H04c*e-A$ 
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IB (El 4 3 0m) fc * 0 fjo.fc tf, GM^-CKftttgH 

ft ±tfc &T* §W*H& *) * K - A ® |*| £ & 

It * ft & 5 # - 13 J* & fib £ ^#18 ijfiD U £ tz I* - * * & fib * # 
5 88 fc$'J>r*#fr/<*->©ftK-A£fflV> ^(0|1D 

& w \t » c rb ^ * n *> © -e a ft i> o m x. \t x ft ; x * ;v ^ - m ft t 
. * fc , *ai**JKoa*fc:o^T*4*K:«|RSn*c:kttft<, 

II , J: W JH « @ » (->af Mlft) , ±83lc:iiB6>ft1V0l;t« 
«fcbS£^§fcft©b--tf'ft£ 1 i/3 y F£l?iStt5 ICUt*. i 

^ o 

15 ftfc:-A©»rSfi5#lc^i\T*x ft K GBJfc 2 n * © TMi 

ft < , ft * it = S , PJiB^tfcotU^. 

^*«^.fc»-&»c*»*i8A©jaft*»coi>-cittwr*. 

*I^Sg > > l l3ViliC0 2 9 a ^ -f ft & a * - > © ft e 

20 -Assa^r**^ m% m © u ft ia ». m 2 9 b © 7 0 1 ( a ft # * 

C^tiH, **8C*^T3&±# »> ©fiftlg'll«c*.L* 

^"CftJ8t»£ii:©*i: s ^rt!Di:l£^$i$|7 0 1 tte&itm 
25 S7f'>7 0 2©a>&tt>£(J&#ttj£) # & M S ft fit T K ft S „ «fc 
■=T, CO(ti£fcfl»/J\fttSA 7 0 4 ( 7 0 3 ii..gttK 
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14^ lt^S) 0 

HHfiaiafcflfr9T8ftJ5fcftjb*j8ffr4, d £ K V\ N Jffl 13 IS 
7 K & I* £ *§ £ i: g & N 02 9bTM4**gBCiag£JE#BJ5££ 
5 fttv^o-Cx ffittfllttfl! (H<W) *>> 6 {£ ffi Jti« flU ( L W ) tc Uo a> 

H J5& g * 18} & <H!l ( ® m £ fll ) £8$1-*<k$Kftffif*o «fc o T , 
&flfe©&£fc*©/iS;:g#PJHtfcjIffL, f ©ISIfcttMSiteO 

fcCftT, ft A©j»3lit2fi* i: LTI4, M It fll. »«fl!i:fcc 
SI « L fc tt fig ( ^ ft # <§ ) -c fj o T * «fc ^ # » ft K - A $ fc 14 £ £ 
15 0l!l©ftixj!>»£^ft$-B-Tfc«fc<, Bfcc©$l&£a«»tti:LTfc 
4 ^ „ » ft $ & 14 a (K S ft L fc tf6 JR *f t * * 13 * V> T 14 » » £ 
U<J4EI3 0{::ft? < fc5{c, ft&g©*3g2;!nRj ( L -» H.£ ft 3; (4 
H-»L^[Si) {C#ft£i*-£0#£i,\ o C©*I^J-efe-Si;> S&fllft* 

20 fcsatft^ ££ft%ft£K©9ft*ftjRi*tt&©iijK£*6> 
3itT&ft*K£attr&£-Agttfifrfc:jgaj&ft£ft&iji »"-e 

fc 45 * EI3 0©fcE|ll4#ft#|*g N 7 11, 7 1 2 14 # ft ft © j£ 
It US , 7 13 ( ft* fl! ) 14 1 « ffi » tt * ft L T t% ft , 'g & H 3 0 
25 TI4> AK-Ai^it^t^^l/T^Si 5 , StSflflSftfrL-Cfc 
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±13© X 3 C ITfPSl U&poly- SiffJKa. -j&fctt*©** 

T T F T i: & * 8 ? It, C©*M©Je»-CBiWLfcx*^.*-ai 
ft^*->©#K-A.(B2 9a) tt, AM-LCD (Active Mat 
rix Liquid Crystal Display) © W fflliiltt & £ * JBjft* * & to © v 

10 (HJS©^^4-2) 

C©£flS©JB!B (KkJ4r%fl5JB4-3fcov\T*PH»). tt, Jt «■ 

***s©^»c*^Tttfflrs*tr-A©*aifl[«'5iiiyt^'r->4 

0 3 2 a C ^ T o *HC**"J;$fc, »ft4 - 2 CfrfrS&K-A 
15 14 , ft & ft © * * V> H fl # 7 2 1 /J\ $ V% L « « 7 2 2 t W ¥ Si ± 
£ 2fc 5 £ M A, £ ^ # — > £ LXl^, CI £ T- > HfaiSfcL^JsEOft 

»fttt»to^Ttt, #ciBs£sn**©-ciifc^0-c* 

20 C1C-C(4, HffiJlHOOmJ/cni 8 , LjiSHOOinJ/c 
m 2 U 7* * 7**2/ U a >ffflttoJ*»-« 50nmH, ffc© 
sfef*fCOV>TttHfli©^Sl4-l ^ffiCLfc, 

U T T * C©Xffi©J&JB££tf*ttfifli©¥Ib&, H 3 2 a - g 

25 S^t-A^jg&tai:, ^fi«^®©iaft(4, 03 2btwti^ 

fcft*. * ftJB&tf&TL* &l*Bi©i&ft# 
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i 

T o T H < g £ £ ^ "C tt , L&M 7 2 2 <D iB g # 5 
4 > 7 2 3 CSLfr*ofcBjjl"?, 03 2 c £ 5* if «k 5 > LH«5 
7 2 2 fc*fJ&**ffiBfc«6Btt7 2 4 # S8 £ f * (72 5 li&ffill&T 
ffl*^Ut^*)o $6 Cfi*#T4»4 £ (H 3 2 d )» tt&Btt H 

«HfflHc»3$ ft. C©ia«T&fc&liaiafc«&UEtK 
i:fil(St5 (03 2 e), 

Tfcft4*t«< ( B -3 2 f , g ) , d CD Hi& © 18 T tt M a J$ 
10 *<0»fl#L-»HA«H:»»sn*, «fcoT> i§ ® $ M H £ & tf JR 

*<o«asi*L*»6*n*niiftJtt**jttftu, * © £i * is b «t M 

Jg#X&flttH0**tttt£7 2 6 (EI3 2g)-eai^b^do C 
15 i^T, fir £©& L H * ft t «£t 5 # ft 

a&#f&/£i? ft* o 

» c m ft it « w is bb »« « « © is a As * n » c a tf * * * c i: 

*-Fl/>f>£ft) £:B£TS#ft;!) s x L *--*H £ IrI C ft * «fc 3 £ 

. d©*flli©^lBfc»v^T*, £i& © JB JB 4 - 1 i: H tR C L T * EI 
25 3 3fc5tr*.-3K:JH«BSIHIrt ( t = t I *» 6 t = t 2 ) tl5l\t, 
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-tt**6C?!S«>*ci:#qrigCft4. fc £ , 0 3 3+©731, 
732tt&|&fir&<Z>J!iia!lBittB, 733'(»«S)'(iailRa»fl« 

'5 j£$na4»®-e(ifcuci:ttJfe»t&-ci6*o 

±83 H 3 2a£^Lfc£dfc} l 653i&©&Mi3S#Hi:S 

^ as # l a # m « k: is ?y $ a t & •& at m - a a * & m & a m £ s -r 

10 gffi£NRR«n(?TKKU* 0 3 4 C ^ * X *> & $8 £ & O 05 

(0 a i§,7 -f ^ £ feffllt'i o I X , C07^H-$^t-A 

15 M £ fcfc # SS C * V y h£BBEU[sJ*T ; F#S£t<*it5¥&-C 

(HJ(BO^fl§ 4 - 3 ) 

* £i ifi © *g fi§ 4 r- 3 , ^6T^4fiJfflb-C)taiS^^{cT^-^ 

H^satis, £©#&&> jt«tt sac 

« S <b k: as i- S o 
#£&©B&t:::fc^T®J8T£#t:-A©#&g#:fc®,r<*.--> 

*H3 5Cfl<t, £©*3&#3&*»#/< 133 6 Iw^-f 

?n?n3k-l/>|-UoiO)6t-i»8.0 1, 8 02 
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J; D 2 © ft B& (C # It , S^^*^fflUTSVN6D^K{3«^^ 

©Si!Hffi# (WtilttH) £"#&£© iSwoa (n&ML) 

i:«f»»©^©x'*;i/^-3j|*©ttK:f5«t-*) &2oofttf-A 
*©-e, 0-9«IS5Hi:figi||a5Li:(Z)BgK^§i^itl±ibS«jgSK:gfi^ 

U& $ £ K ft (?. « B )£ A 9 Ifr £ H 3 7 a - g CS^5^ t SUB t 
Soft*, £©£Jfi©JB»C*S It #1 18 $&©&§! 4 

is - i 9 & n«-cfe * o 

1213 7 a-e*«tttt&ft**e-Afc##aa*i;3>*nicjin 

» r * fc , $ & ± ? \t m n sj h c * ^ t 14 3 < , ® m as l c & v% t 

lift (fflSg 9 0 1 ) «fi££ft* (03 7b). 

20 $ ic v aa » g o i & is a <b & a m 9 o 2 tm®iz&.t> ( ft aa 

W«L ©gfcigg©ft^S5#) £*ga& 9 0 3 ifift&T Z 0 * UT. 
Efcffl*#ftT* * (B37d), X««lttHA»&fia«4|LK: 

ia*»^Tea$.tisttK:j:oT«iifl8fitfL-»H*fiiK:»«$n* 

# £ , lfr&lcttA«»4LH«IC|||*$iijsSfir-S (@37e), 

25 $ fctta©«£ k^ai*, wtasH tz^j&r %«atR«H© 

ilSi) s i§SSSUTl:T4 s ii7;i< (03 7f x g ). 
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&±©|i3ilflj©;<# = XAA>£ % Z<D9zm<D&t& 4 - 3 «fc * 

t> it © «j it ffi ^ v> -c , &s<bg#$--cs#$&&a&g© 

ffiSB2l$(5© JgJB 4 - 2 k Hg % &&&#©%#£ (eitt 

ft £ o 

(3s«s© mm 4 - 4 ) 

10 g|&© Jgjg 4 - 4 14, m\Z\t%m<om% 4 - 3 ©*§£ k PJ ® 

•c & * «, il> cciioffiTtt, * — >® mm t&mg. 

©g8@5£I&fit}C ft -SCk W&&HkH|*8§!SLka*&8&l$K: 
£ <b f * «fc 5 & o T <,n * 0 tlT, & ft© JB ffi 4 - 4 © l*J g £ tfc BJJ 

r * . 

S»fc<k*-;fr©&fcttA&fcfflfcJSS!S4F;tT, ^^^©^ 

L "C *a *f i$ k o , 7T / 2 „ TrfciiufcjSHbStf*. :©nctu 

20 momma tmm^coiSLU^m^nmizrn, wutttrnm® 

5 ( EI 3 8 )„ 

ttfi^«t«fSHttts «ilH57-SJ8Ht2ofl)*i; 
— A©*5© — #©&K*fc$WCftifr&*ffi*§€g'ffeSli-*:&at 
25 ❖ , 3fettrtfcEKLfc»Wfc©B#*fcMrtofcfcfl;***;&»fcif- 
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(E142CD1403) |*| C ill H & tt « 

5 £8itt, ?tt«^.*ftffttftK:aki*«fcvi9tt4ttfeft4)'c« $ 
' K © J5 tt flE flJ * H U o o R a R .© is a » W K *« j« "C g * . & £ , 
*tt1hft#»«ttftlc»^*>*3bgttfc©B3Sfc:£r3 < 0 1* & t> 

%s mm&ft t^m® £-c&m&, tta«©i&ttj&**&*©T* & 

ffij ft fc & ft <b ifi to t> * t , P8#©IHIt»ff «ft©a*»^'u*. ct 

io o-Cs £&isi©{?3i* o d i: , m&k^mto t wmmn t 

cct, T&'^-^oHWfcaHftoHaju:, iia©Ha$** % 

15 J;Si, ttAJ&ftft£!>fftt£fg*-cg* a 

^is©^fi§ 4 - i * tz\* 4 - 2 1 mm. ^u-if* &«*««©« 

*i ft * » ( & a ato «8F ft £ tr ) £tf&#£B3 8*-:r<5di:fe-e§, 

X ft v fc « fc , ±B3*flS©JBffi4-3©«£U*.D-Cfc, ^ fcfc 
- tt±-Ctt3£K:j«Hftrffi«©H*rtI©aft»*ft3a*Lx 

m t & 03 9{c^f«t^{c, ^i?r-ra^K©jp^*iRiic^^ 

25 liUi: i5jt5Sg»f SifiE$tSC ttt'ti, E3 9 tt , mm* 
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T & il ( S i 0 , ) 1 102, X y & 1 1 0 3 bbz&mm 

5 & m z n z i) =1 > mm ® & & & , anm* — y » ti$ < s 
=F®m<D®m & offi»a*8^<D-c, m^^m^m mm & a a # *s * 

u*» u »jR i i o i ©±BStts n a ana a ctia 

D #4P £ ft., T® (SM) liTill 10 2>jtf7*Sifil 1 0 

IB. b fc * $ /< * - > $ fij ffl x- £ * o H ft to c li , «RI * tt # 7 * S £ 

15 1 10 1 bTt&m.l 1 0 2ifcli^77Sfil I 0 3 £0EtfT*O 
g £ * t < U, $ S8 1 1 0 lflj * 6 A 8 b & # fc\ & /I <D # ffl "C 

* & £ b T , J? * ;£ ft ( ± T £ fa ) l:Sg»fl;4i(«t5Ci:tfi! 
c*iCJ:t)#*.AiSDfc*W*ttSj58«*iMffli-c**. 

2o{c^Iflt> <±&) *»6Ji«L, <fc # £ 3 W 

(£J6<«flS 4 - 5 ) 
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S* £ *f T * . ZtllZML. ±B*Ml©»»4-l-4-4-Ctt, it 

5 fRi±i:i%j-<b£Eiat,©-e<&*o in, *2Sifc©j&JiS tnmom 

fig 4 - l-4-4tlil<% iSSSCti, &Tfc#Hlfl£©Jfcft§ 
©f*lS£Mf*o 

12O0ttfte-A©sai5f® s 1 2 0 1 liftK % 1 2 0 2l±TiI, 

io i 2 o 3 a * « * a u * xm&mmvmo&mxtii ( & & # ft > « 

* I X u * o ISO 4 0 C * * «|< % tt®-8<*AHSHftc|> ( ± £ ft ) 
*s.fcV»iyi©]BI*8i*Btt2fft ( E) © £ £ £ ft ) 
#© M tt -8 M m ® W *. £ < ti> r> & f5 $ * £D * £ i> a IE fill ( T # ft ) 
fs ig $ n * 0 £ c £ *>• v% t , t^*©u-ifT^-;i/STtt, ft a 

«fc -3 £ > J8ltf®©4 , :&$£iift£©&&@Etf^j5£$ix&v\©-c % . 

20 &#j8i** 0 

25 *lttK:,.C0SEIS©»»4-5t*»*ai31tttWt*.-*fc 
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2^ U 3 > <8F * tt + n m i: a » T » v\ »"J» i: r * O - « W-c » * . 

* * s » z ®&t*ft*Qto* * )v#~ \/ *<)),&i!tmat2 titatoz ti lt 
®&m$L*mi&? z *<o mm tzi&fe-r ti\t s & - & % 

fc & , »afl27*n-b^fc:*tt4ttatttt, * ^ * © 7k # # is s r 

(5S» 1 ) 
20 Sttt&ft 

3-->ytt8# 7 0 5 9 a77fr64iSfi ( J* * 1". ■ 
1mm) © ± Jg jp 2 0 OnmOS iO,l ( T ife Jf ) * L , 

25 7*64i'«l 5 0 1 tfttf* feftft ftftgs.i 5 0 0 f*| fc: ± 13 7 * 
»7 r ;* U n >JI 1 5 0 3 V&f&tShiz&mtofcZkti* st«s 
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# 1 5 0 0rt©2Sft*|lftSL» *cd&s 7* & # * * > 1 5 0 2 *>» 

U - iflS It & S 1 5 1 OT»^**fcx*S/vu--ifftJSi 5 

0 1 IT &mM&®7 * >1> 7 77>"J3>| 1 5 0 3 RH 3* 

±BC*»t*Wft**if^£E (#'Hft£EA) Uttt, 5x10 
" e torr,lxiO- 6 torr vlxl0" a torr „ 

1 x l 0 ~ 1 t o r r > ltorr x 10torr<Z>6il&i:Lfco 

* fc , 1/ - tf JR » $ t L-Cttx 1 ^ ;b * ( 1 £/ a y h ) 3 0 n • 
10 sec> K — A#$g7mrax7mm, ^318^3 5 OrnJ/cm ! 

7 * ♦> >; 3 > m i 5 o 3 * # ti a fls t & • 

fcfcs 14 3 * N 1 5 1 lttx^j/x'V-tKftS&^S^ 1 5 12 
15 1 5 1 3llt-A*^j;t^1f-4ii / tl^. 

±e*f*'CfP«l L fc 6 » t) ffllSSSi/ >j 3 >»K (poly- Si) 

"C7V>^g^fflij^t> 7.k & # * E # 5 x 1 0 " • t orrOfct 

20 CStt * ? v>5fc£* 1 i,T* **'©8ffifl5Jfc&»fli U&* C©' 

8 ft * ft L £ - * ft S% I, & . 
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(» 1 ) 





10- 


10" 


10- 


10- 


1 


10 








mm 






















mm 


i 


4 


7 


6 


6 


6 



* ; torr 



£>*> V *JK#2E (Sl^flE*) tfl o - • t 
o r r ft "C 14 , **©&*ttft&a*fcr*fcB»&*'l*©* , C*-3 
fctf. 1 0 - B t orrftTttttBftftifejPttftfflllCJ/? h 
10 t*tfW?<ftor:. S & C***f 1 0 ■ 1 CHiit, ft 

a & 19 m t & *> , asu & a* t&gsn, * © & i o t o 

r r H g £ f4 , l2ISHtt<Z>ttffi*i|KB£*ife« 

£E A* 5 xi o - e t-orr-clS«fl3$nfctt»*©9v>5iiit*aiHI 
15 fcr*fcS/*H«fiE*jPl x 1 o - 8 torn?l4 4(g©&&£ 
S^Ls ^KlxlO-'torri'UOtorrCiatliBfS 

20 ££Rfcg % SBftE^J«T#«lSt7T(f&ttS (XA&JISfttt) 
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*fc*fflttttfct*fc» a » & *s n <b g A* {§ *> ft £ u , m % , 2k $ 
u - * t> = - ;na a t * *&&it\zi$^x\*. mmnm&EEti 

6 *-*taa±tc«a«1-*©**J:<, W- $ L < li 1 x 1 0 ~ a t o r 

ftfc, atffc&Sflsgtff* 6ftfcV>© 

tt,"Slf*£-y©«ttK:j;SjRi&to& ft S © ^ $ - ft l£ "C & & v> 

£«nifenti&n5. fit*, **#*je##£t sufeg&v^ 

10 T *£IMb&#lR]± L fc©tt, # iV & ft K K £ U«B»r S 

& £ o 

(218*2) 

15 .SiaEAtUt07l(Sll*7ES5xl 0 - 6 torr, lto 

salt m m & i , io, ioo, B.oocjftstftcu^ii, i 

SBRKlfcRHiCL-rlSaKi/Ua^Siai (poly- Si) £fl?8& L 
fco Ht ( ±S3 fcJH8ft£ LT 7 v fcaijjg mat® ft IS 

S4 1 C^Ufco 
H 4 1 «fc d BJ3 e> A». & r £: < , 7k & # * E # 1 t orr©t§-&£*5 

* J 1*0 ± * * c i: # IS » ft £ 0 flfc # , * * # a je a* 5 xi o - a t 
25 o r r t^Ttt* 10ia*jBitTJ!R*riBl«C41i^LT*9 
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i> T , # ■ «£E * * K* ft * ffi fc L ft v> * A» J; i> c I: #a 4 .. 

n a , flH«Eitt©iQipi:i:*K:«aflstt*«ia±r*cktfa6B*n 

i: d * . 10torr*»*.*£ftK::feJ**|S* 
U T ft n # , 1 0 t o r rSiBAS^ttKiJ^Tfts & £ ft Ji£ 
SIiKtfjB^$ti5t#x?,n5o COS A.tt & CD M t) T & 4 o 

io £ < ft z © -e „ igjg ® £ £ u $ ^ # ^ $ ^ fc ^ 
*>ft£, &® J; 5 ftM>tt;to £ ft * „ ffttofc, 

£©*ftE*»*§a<Djs£fifci!a*i,, sfes«j3a*«ifi£-r<5 

ft 4 0 

k C 5 T s ± SB £ » K 2 -C 14 , Illlgll^lJiitS^^U 
It to*** t < ;* (Hz) *JBHfc#, 

20 03 * tf N 2 H e , Arft£©^7S£#;<#<£ Ch^g 

tr) #jsfta©-e, ft#»^©«ac j;-aT»aft*7Efega^r 
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&tz. ##181*, &m&<t& t u.T«c*fli"e-* # its a <b 

0 1*1 g * Si BJ3 U & # , # » W a» * * tt « 'tt , *x*/w*-t«.^ 
tfj^feloaf, flit tf * ▼ -(OjgttjttJB, ^^i:^t5!H7 

10 (SffiCD JBJB 5 - 1 ) 

* r , H44C^tJ;5C, *57jjS«5 2 1 C, C,V 

15 5 2 2 £ J& T £ » :<D7t^7 7^ 'J 3 > 5 2 2 CD JK JP 
ttttfclfiJgSixfcHtf, 21, M^CifiliTSftD, 0! * « T F T 

izmuzm&it 3 0 0 -ioooAgg, ft* 

( * » « m * ir ) C ft fr* « « ft tt l /zmW±«g©m${c?Bfi£$n 

* o 

20 ±g3T i e;i/7 7^ J/ u n >^ag 5 2 2 B*£$ftfc# ? 7 

& & 5 2 1 g & 7 - 5 3 5HI8iaLx 7" * ;U 7 r 7 > V 3 > 
iK 5 2 2 t, SSfljfflfflllCi^i^t-AfJDUe C 1 x 
*S/VU-if5 3 l©U-1ft:-A5 3 1 a, fcitf^flJiDftft© 
l2(5i*J^li-AT;giArl/-1f 5 3 2©b-tf£-A5 3 
25 2 a«»ittffi-e5»||Siitt5. <fc 9 Vt U < li , IBXeCli 
*2/VU--y»53 IfcUft&jnttftjPS 0 H Ig^ 3 0 8 n m . 
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Mx*;i/*#3 0 OmJ/cm a T$i')s A r W - if 5 3 2 14 , 
j&UftM. m&W 4 8 8 n m , ffi 77 # 2 OW/cm'TiS, Sfes 
5 3 1 a 14, ;\ 7 5 ? - 5 3 3S3aiaLr^ftf$n 
* - £ , U-lf 5 3 2 alJ, v\-7 ? 7 - 5 3 3 C Jio tfi 

5 !*Sft-tJSlft!$ftao 7f^77^i/ij3>|f)8 5 2 2 C-& I? « & 
l/-+ft:-A5 3 la. 5 3 2 & <Dmm®W 5 3 1b, 5 3 2 b 14 , 
fro, l/-1fe-A 5 3 2 ali, I'-f t-A5 3 1 aO 

mmmms 3 1 b & s tr , ^ *) &^mmmm 5 3 2 b tc t* $ n 

10 ft , lSoiol:A-7^ 7 - 5 3 3 4ffii\^&^Lt, u - 
If £ - A 5 3 la, 53 2 atf7^^7 77^'j3>jSH8|(5 2 2 E 

mfctzmmz tiz & 5 izt z z tit, *£&&2-^&#&sn£ifrg© 

«4e>o£©f£$#g^T?fc*&£©^T«#$ U t % # % # rb fc iEfi | 
S K C Rg $ n ft < X « , ft * 14 2# CD ^ 7 - £ fc f T 6» b 

15 T S2 B f 5 ft £ L T , HR C IS S ffi.iB t SS » * ti * J: d L T * ' 
4 ^ „ £ , XeCl.**$/VU-if53 1Ktt*T, iiliAr 
F , K r F , XeFxJE-i/7i/-tfft^iDiI*s4 0 OnrattTO 
a*oi/-if*/8^Tfej:^-;fr, Ar 5 3 2 i:ft^T, & 

fi # 4 5 0-5 5 0 n m © S * © U - if £ ffl f> "C 4 „ 

20 7^^7r^->>j3>ii 5 2 2li, 03 * « fl£ # 1 0 

0 0 A©t§£, m 1 4 -5 fti3i!4sftf££ W L T H 5 „ f ft fc 

% s m * 14 m &,# ftSOOnnO^CSLttt, ■& JK ft ft fcfc fit J9 © 
iftlgOl 0 5 cm" 4 0 0 n m 4 9 $Si£g©# £ 2* 

LT 14, Rft-fflft 14 1 0 e c m - 1 W ± "C , 15 ^ £$8?fi $ ft v% o 

26 KT. & g # 3 0 8 nmfl)XeCliir->?l/-f5 3 1 © u — ' 
if K - A 5 3 1 a 14 , 14 £: A, £ T * * 7 * */ U 3 > & & 5 22© 
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« ffi £ t R.JR 3 ft , CftKJ:*Sjtt±#, *©&©£$£ 
«fc o T , i t L T 7 * ;i/ 7 7 * -> 'J 3 > ft JK 5 2 2 # 1 2 0 Otl 
£ £ in 8fc $ ft * „ — 1S\ $ fi 4 8 8 n m © A r l> — If 5 3 2©W 
-•tf 5 3 2 a lis 7^ 7 7 7 ^'J 3 >|K 5 2 2 © g 3 £ 

5 IrI © (J I* £ ® T q& 42 <? ft , fi3»«M:«t o t . 9V9X|j|S 2'ltf4 

o otanKaufts'nj. *no?i, iz-vk-assu, 53 

2a©!ftS<m7&s 7t*777->'j3> ftjft 5 2 2 fc* ft # S ft % 
*£&fiSa#{S?g£ftTv *3 II & © * £ ^ # U *> l> n > ft & 5 2 3 # 
$ ft * o 

10 ±8B©J:dtLt«/a*ftfc_#US/U3>»JBl5 2 3 , £ J: ft 
* H* X' e C lx*^vu--»f5 3 l«»CJ;-atlSaft** 

8»J £ £ ft o 0 *ft*ft©$J?S| S l!l£l2)4 5 £ 13 # P £ fc li R * 
f e IrI SI XeClx.^i/vi/--tf5 3 10l/ 

15 -1fli-A531a«l7iI«l&»* (R) J; & % A r U-+f 
5 3 2©l/-1ft-A5 3 2a£#1*T!!83*Lfctl£(P)©;&# N 

5?>Baii«ws< ( «att©«ftTn*c:i: # «k-s n*. " 

S > 7^A777i"j3>I| 5 2 2 # $ ft # 7 * g ffi 
5 2 1 £03*(£3mrn/s e c©S£gT&i&£i*-fc#t> N 7 ^ ,/l> 7 
20 T7i/'J3>»B| 5 2 2 <D4*CH«i:i/-tfi;-A5 3 l.a, 5 
3 2 a Silt ^fiS$ftfe^';^';3>^K5 2 3 © £ & © 

fine $-tt©jg^ it 

25 5 3 2 aOS»«tt5 3 2.^, U-1fC-A5 3 l aOKS 

a*T ^ JsS 5 3 1 bfc^tr. * *) OmmMH&Z Z £tfi»$i LU 9 

91 



WO 99/31719 



PCT/JP98/05701 



innomm 5 - 2 ) 

± 33 m. M © B1& 5 - l©Arl/-if 5 3 2 Cftit, EI 4 6C^ 

o T & # 7 X a ft 5 2 1 14 % «^liE4 7C^ti7 42 

5 $ * ft 44 £ £ b * *^J87>7'5 3 4#e>$8it6>ft*jftfl.jfc85 3 4 

3gft5 2 1£iftJK$ft* 0 * C "C > Xe C lx + i/vu-lf. 5 3 

lov-ift-A 5 3 i a *m%t z t , nmomm s - i tm® 

£ % l/-1fC-A5 3 1 aCiot, £ L "t 7 =E 7 y * */ \) 3 
10 > & 5 2 2#iiDto*ft*-# % & 5 > 5 3 4 ® fl. ® 5 3 

I' - if ^ - A 5 3 1 a «fc V S ft $ 5 3 4 a © 83 fif 1$ 7 & > 7 * <W/ 

g & © * s vn * v ^ > & as 5 2 3 # & * n a 0 

15 ±16© <fc 3 fcjfcftlg* > 7 5 3 4£ffl^SCi:£|ft^T§Safc©J& 

/85 - i tm&o&ftiz x $ Mf&$ ntztii v is i) zi isftms 2 3 c 

OVNX, 7V>tScai)PJ^$fTofcjJliJ^lfSmSI214 5£gB-tQT-jj* 
3 1©l>-tfK-A53 1a£tt*IHMUfc»£(R) iOfe, 7 

{tig* ftfco 

& * ±Bj&*J»«5 3 4 afclQjtT, $ ?> £ , HJfi©BJi§5--l 
« £ , Ar 1/ - If 5 3 2©U--tf^-A5 3 2 a !H « t- * J: 
25 oCUU^. £ & N ?fcftiis&5 3 4a&, HJS©^fi§5-li:PJ 

$ ion - 7 * 7-£ffl^*&£L-c, ?f>7 7xj/ ^ > $$ & 5 
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2 2£Hig{;:Baft3ft*«fc5fCUTt)<fcUo 

(mm<DB® 5 - 3 ) 

*%W<DmM®Bm 5 -3i:o^t, EI 4 8 fc V* U H 5 OCS-i 

5 $r> 1214 scitni^ ^J57SS52 i \z s m&m&75 

>*« 5 2 4 t»tfti. »Ktt, fi^^UlTt; 
2/ 7 > # * ( S i H * ) fc*S#*fc£2.: 3©S!|^-e*g£U&jg 
SfflU, g|giag (SfSSfi) #3 5 0 , C~5 3 0'Cx JBE# 
10 A««mTorr©fi«jfcftT!, ifi 8 5 n m © $fg & *> >J 3 > $ 
K 5 2 4 ^)BJi£f ft * , *»«^U3>»K5 2 4 K:ftitT, 
&«S© JBflg 5 - 1 H« K 7"^ ;i'777J/'j3> WJK 5 2 2 & jffcfifc 
LTfc<fcU„ 77X7CVD8gi:ttilT, LP (LowPove 

r) C VD8E*XyW*8tt$£fflVN*&iTL-C* J: ^ . 

is & k , ±B«tsa^«;3>»R524tf«gia3Fji&*9xas«5 

2 lHO 0-C-5 0 0 -C7J3 O^UIMSU »^|^;3> 
»JS 5 2 4 *©&&£ftfja$-&Sfl&7j<Sfc*ag!£?T.5. t to *\ ft. 
ilt5 u-f7--;n^i:fe^t, ft* a ^ U :> > 8 JK 5 2 4 t»C 

20 m@ifi& t « ©sKjhr « £ ^ ct *„ 

5 & t£ £ «fc 3 RB ft & 5 4 la#»tfShfc^t>^54 1 1*1 C ± 13 
#7*S&5 2 1£ aSS Xe C lx^i/vu-if 5 3 1 ® u - 
If t - A 5 3 1 a » H «fc V 6 M 7 > r 5 4 2 © 6 & ft 5 4 2 a £ fi3 

25 « u r , «» a 1, »j a > am 5 2 4 * m ®fc $ * x * u 3 > 1$ 

K5 2.3*»jftt*. J:.0PpU<tt,JtBl/-f K-AB S.iatt, 
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;i/*# 3 5 0mJ/cm a , JBUIsl&tt 10 El 9; > 1/ - 

»K-A5 3 latt, 1/ -*f # $g H 5 4 3 , ^tyt-fU' ( 1/ - 
if ^-•fb&g) 5 44,;fc«fctf£|*$£5 4 5 Htt«»*ft4, 
5 fi»il6S 4 2 ali, »@a'><;3>%jS 5 2 4 ^4 0 Otg 

$ t>tz s ± E # y ^ »J a > 5 2 3£*f&77;*vgH&*-c 
3 5 0 'C&_t£ AD & fc«fc!)x 5){.iJ «> ij 3 5 2 3*0 

10 & $ iz lxb&$ titz* y *, » u * y ft&5 2 3 om&nm 

4SEM*il)tTEM*iUti«Ufet:5, 0. 7 # m "C fe D , 
tS£*©sK »J 2/ U 3 >KT O 0 . 3AmtMLT<iSSJiag^ti^L-C 

2 / V • s e c £ , 80cmVV - secCi^L, £ & £ , 
15 Jt!U2/U3>»J«5 2 3®jlD&j:tJcjft4i<D£8J-cD*|feg&tt % - 

1. 3xlO ia cm- a eV 1. 0 x 1 0 1 2 c m - 
a eV~ 1 tc: « 0> U o *&*>-&,>-D*t;-A5 3 UOlftm 

k: & & 5 > 7* 5 4 2 tzztatotttm* * z. at *.r>Xs * >; 2/ y 

3 >nm 5 2 3 attsttsott*, * *v«it©rt±*«fc3ft*. 

20 fc x l/-1fE-A5 3 1 aOKMjftff^a^ctXLT X'ft U 
£ c 3 , j$ t* x * ;i/ if # 2 0 OmJ/cra^i-cigsibijsi 
t> 5 0 0 m J/c m * U ± X I* ftttA > 'J 3 > # iii * * * „ £ & * 
30 0mJ/cm a U±, 4 5 0 m J/ c m 2 tlTOffiltl^ £ 

25 5 EIU±-C, &a*ffi(Dft£d<*PiM$ft, IS H ft A* ft ± f 3 0 

& { - * ft mm®® a.mtom. xy?>4rc 
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FT) * » J5£ f * . * s *US/i;3>»U 5 2 3 (D/t*-r>^ 

±B©*$fcLTJ&fi8SftfcTFT07-h*£E (Vg) - F U 
5 -f > * * (Id) ft £ * ttaa b fe i: £ 5 , El 5 OCwt^t, ft 
&<DTFTlZtt*T, y-HSC?}t5 H.l'OtaoStli 1 

, ±g3<DJ:5£U--»fti-A5 3 1 aOi^bi^i:^^ 
10 5 4 2 aSIBIttfC, 0! A « H 5 ICitiU, 7* ¥ £ ft £ £ 
I&*I«g&g*E;*x-y53 5tC#7*§&5 2 UiBb t P) E C 
^WA-e^-r^fqifc # ffij 3 flt It A *> U =i > IV K 5 2 4 1: 

*5tt*l/-1fe-A5 3 1 a0JBS*fSm«fcDfc;|£i&£ftiJl£fl3ca 
*ft # 5 4 2a£<SS*TSCi:lC«fcD x I'-fli-.AS 3 1 atU 
15 ,lffl»t}feiota^Jt 5 4 2 aCiJiDJSIiSUn^C lttis E 

(nmomm 5 - 4 ) 

*IS^0m6©Ji5fl|5-4OTFTtCov%T> E) 5 2fc«fctfEI5 

20 £ T , E152tw^r«t^t, #7*giR52 1 IC. 

D ii & ffl v> T , 7 * >\> 7 7 X *> >) 3 > S 2 2 * B f&T Z . 
<I4, 0y*li£ifi#* £: UT^y >#X (SiH«) £i7.kJ8# 

l^aSM** 1 ! 8 O'C-3 0 O'CsElfctfO. 
8T0 r r © g j& & ft , ^ JP 5&* 8 5 nm07"=£;l/7r^'> i ;=i> 
26 »K 5 2 2 ZBtitt Z . 

& £ % ^ Jfc © ^fi§5-3i:Pl«{c > ±I37'^;1/7j»*J'»;:j>8 
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K 5 2 2#te/8*ftfcj!f5aSfi5 2 l£flftzkJ!S*!! 1 JI£*T$o 

& £ , # 7 * S 5 2 1 * El 5 2 £ £ W A T- 3* t £ Ir] K & M $ -fr 
& # S> , XeCliJ[-i'?l/-1f5 3 l<OI/-tfK-A5 3 la, 
fciVx^i/V7 > 7 5 5 10x%^T7>7*^5 5 1 a £ 88 I* 
5 U , 7^^7 77'>'J3>IR 5 2 2 4SSft$fC#'J.i"j3i/ 
IK 5 2 3 S)giiEt4 0 «fc D I* I, < li > 113U-1f C-A 5 3 1 a 
IS* J8!3*x*;i/:F# 3 5 0mJ/cm 3 T, 7t;V7 ij 3 > 

SIlBt 5 2 2 C*tfi 5 3 1b ifi 5 0 0 a m x 7 0 m m CD # 

■ * 3 fcJHIt* #7 5 2 1 CD&ffljKft t> "C , 

10 3 la©*/t;i/^©JHJW«*-5 3 1 b # 9 0 % f o 

Ift.5iifclt»-7 J E^777^U3 >ff0t 5 2 2 <D & X O ft M 

k > -en-eni oiar-3i/-ife-/»5 3 1 & wmmz a *> \z 

T*, x*i/?7>7|5 5 5 1 att, *J *& ft * S> # ft ft St tfi 

0ftT?> ««,'*J:ViaBKif«5 5 2t^LT, ±Bl/--lfK- 
16 A5 3 1 a®mtt®t$,S 3 1 b$ttt5mmx7 0mm(D!^»fli 
5 5 1 b td s 7^A777S/'J3>»K 5 2 2 4« 5 0 0 *C S tt £ *D 

.±B©J:^C"LT»j«*'ii&il«Ui?y3>J|B|5 2 3 © ia S & & 
20 ISEM«iffTEMtflHT««ltt:5, 1 A m D , ft 

Sdi:#5t§&<!Fftfc„ Sfc* ttffttXffttkti, ft*© 5 0 c m a 
/ V • s e c *p e> s 120cmVV-.secCJi^U $ 6 » 
* ij ^J3>*R 5 2 ' 3 © JJ.ffl J: V K * © ft © » £ « % 
25 l.'3xi0 ,J cin"eV 1 4>6 1 l. 1 x l 0 * * c m - 
a eV~ "CHiUft, t^fct, l/-ift-A53 la(DH«^ 
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^^?^75 5 i * z tarn z % t z z t'tz & ? x , # v 

5 *a 8 , x >y ^ > ^ tc «t * ^ * - ^ > *\ -f#>viAfc££'fT?c:i: 

±13 © «fc -5 £ U T ^filc £ ft fc T F T (D f — Y ME (Vg) -KU 
(Id) ttttfctUHLfcfcc:*, H 6 0 tstiic, 

KHB«Etf5. 0Vi>M. 2 V fc«/j> Lfc C £: #5g§g£ ft fc ... 
(3lflS© JBSS 5 - 5 ) 

*8i!0^I©iEi5-5(:oi\t, EI 5 3 £ «fc V El 5 0 £ g -3 

15 Sf, *EflS©}&«5-4fcH«|fc, )tf7;S|5'2 lC7i;b7 
r*->'J=j>i$jK5 2 2 £ Jgfifc L , fl» * & H £ <r 3 o 
flue, 05 3fC^f«t-5{C, # ? * S & 5 2 l£*0JAT?7j*-r£ 

iRi^^a&^-a-j&^e,, xecix^j/vv-^ 5 3 1 © u - -y» tr — 

A 5 3 1 a, iJ«tVx^i/V7>7"5 5 1 © x * v 7 > r & 5 5 

l*J£®iR!l^P)iia^UTs *'Ji"j3>ili 5 2 3 t»*ti, f 
±23U-"tft-A5 3 1a, i'iVi^75>7^5 5 
la©JB3*3fe#$li> Hfigfcjfc WIS - 4 tm S 6> , 

t-* 5 6 l£J;ofaf?7««5 2 l±ftt 4 5 0 tCl||»t4 

£ & £ x filj©f&Jg5-3i:l3l${;: % zk 3Hb & 31 £ 5 „ 
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±33®«fc-5£LT7B/iS£ftfctf'J->'j:3>&ffit5 2 3 © *g g *fc g 
*SEMiJ:i|tTEMil8^Ta«l/fcJ:C5, 1. 5 m T & D , 

$*©*•; »j 3 > j& -e © o . a/zmtc^uT^smas^Jt^LT 
z ttfmvzts titzo ztzs n&®m® &#© 5 o c m 

5 a /V-secfr£>s 150cmVV-secl:JS^L, 

* »J ♦> >; 3 > & Jg| 5 2 3©#E*j<fcVlK*©-&tt©fc|5|&5&g|i v 
1. 3xtO 1 J cm-'eV - 8. 7x10 1 1 cm" 

a eV - 1 \z®'J> btz, * fc fc *> , Iz-ift-AS 3 1 a<Z)I91l$ 
IC , i^77>75 5 l, **Vt-*5 6 1CJ:*lP»4«f« 

io tKUiot, * «; ^ y 3 >»ik 5 2. acttsaaoit--' 
*j «t v&s© fo±#fc $ n -a . 

* & » *lfc©JBtt5-3i:HU§fc: % TFTSi)$l/s -y-bSJE 
(V g ) - Fl/OIK (Id) tttt fc «•« U fc C 3 , EI 5 0 C 
StiK^ 5 - 4 J: & fc» $ 6 cy- h mElc^f * 

© fa ± L C i: # flg 82 $ ft „ 

3x # 7 * a & 5 2 icfig*3 o o*cw±(win^rna^SiS^ 
20 lti^at, tft«i©^^©^|!{aihjsk:& 5o 

(^fli©J&JB 5 - 6 ) 
*l6B^©^Jl6©JBfi§5-6k:ov>T, J2 5 4 £ «fc V EI 5 OCS-S 

STs ^JI5©^^5-4i:I^I^k:, 3»7^||5 2 1 C7tA7 
25 7 7, > 0 3 >gR 5 2 2 K**ft8$fx3. 
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fllfc£I&Stt&jb*6, K r Fi*J/7l/-f 5 7,1 Ol/-1f t-A 
5 7 1 a. s *S«fcVx^ri/V7>7'5 5 1 5 5 1 

afcflBMf.SfcfcfcC* t-# 5 6 1 Ciot, ^7^fi[521 

*iSiB«*»6 4D«fcux, * v >> v z > mm s 2 3 * mmr z * 

5 ^ite<OBJ!85-5i:it^<5)i: s iut, ±83x^2/77 >7 

3165 5 1 atf#5*S£5 2 l©K±fr&»ftajRttK»«5 7 2 
fciSifi LTJS«*ft*£ % **tfXeClx*5,vi/-if5 3 1 £ 
ftATKrFi*'/7l/-lf57 1 # ffl & ft % U - if £ - A 5 7 
late, &fti!iRtt£|*fc5 7 2 % ft v x m% Z tx Z W & % z . 
10 i*^7>7f55 1 ate, U--yt;-A5'7 1 a©JB|* 

5 7 1 b $ttt 5 ram x l 0 0mmCD!!SS*flM5 5 1 b £ Jft&f 

$ n 5 o -e o fit © in m $ # « a mm <o m m s - 5 t.mm-c&Zo 

•± IB ft a |R £ « «K 5 7 2 te , 2 8 0 nm,fcDfc$§Ui£ft©# 

15 tfffi^fcfta. K r F ffl ^ £ ft 5 K r F x * •> v 

l/-V5 7 1©l/-ife-A67 1a (IS^2.4'8 nm) te , & 
fti8iR44£&*t55 7 2(Cfit*£ftT5' ; &;i,7r*2/U3>iSflg5 2 
2 tclilJgfiK&iaSftS i: i: RTm^*> e>8fl.>tM<Z>x* 

^ v 7 > rft 5 5 1 ate, %L&Mtt&5.mfiLS 7 2 S2ILT7^ 

20 t * i/ »J a >«K 5 2 2 C.fclS smzffllt $ ft* o 

Sfctc, Hi£©tfjjjg 5 - 3 t ®miz s **fcft:a£fT 5 o 
± 13 © «fc 5 K , U-f t-A 5 7 la^lfi^^?7>7*5 
5 1 aiJ7i;b7 7^i/ij3>|| 5 2 2£gjI£j5ajfct<*ftTJ&fiR 
$ ftfctf V > i) 3 >»flj| 5 2 3 ©l*3S*4il, « # & HI # ifr £ , «fc 

25 VfcH&gte, *ft**i*lg«>»» 5 - 5 fc H b l. 5>um, 
150cm a /V. sees 43 «fc V 8 . 7 x l 0 1 1 cm" J e V 



99 



WO 99/31719 



PCT/JP98/05701 



" 1 X % o tz 4* , *U^'J3>»« 5 2 3 ©#fl|*l:*l7 4«Jltt 

H«S0jg)S5 -.3 J:B«C, T F T £7&J5fc *->*£E 
5 ( V g ) - KM>S«6 (Id) & gt 6HI t i: c 3 x 050k: 
*fJ;$C, 5 - 5 t M fcftffijbMS 6 ftfeo 

& » ft fl& fi « • 3 a fi « ±H3©*3CKrFx*j/vb-lf5 7 

10 6t\ XeBr, K r C 1 , ArF, Ar CU^Sffiffi bf : gt 

(£16© J&JB 5 - 7 ) 

*»H8©£JIE©Jgfl8 5 - 7 to ^X . HS 4ft^tJB6 6, £ «fc 
O t l2l5 0£gO^-tiftIlUt-&o 
15 Z <D$ZM(DBm 5 - 7 iZ&UX it. MfaQBM 5 - 6 tit^X > 
x^i/V7>7-^5 5 1 a(DfflNfl«5 5 1 b # 5 in m x 7 Omm 
<0fti&X $> Z & £ , > V 7 > 7* 5 5 1 Ct5 7^;i/7 7X«> ij. 

a > » « 5 2 20i)o^att*ii^ic»*uTv^*jft*«j|ja:t) s -e © 
flfc©m»*f**tt»j6©»« 5 - e ratt-c a* a. rfcfc** ei 5 

20 4l:^l?5iiri/?7>7j65 5 1 a © M 8t & £ £ SB g U > 7 * » 
7 ij3>K|( 5 2 2© iD 1 2 0 O'CIt®. 

ttltfl^CtttLT, *'ii"J3>«l« 5 2 3 4jgtfL, * > 

| i3>»K 5 2 3 ©(gstg 1 *«tvm^»^^mg$aij^Lfc 0 

25 ^^^T'^^un^^jigs 2 2&^3 0 o-cmjbtcioimt-^i:. * 
©MSg£fSCT*#<fc!K 1 00 O'C ©*§££, g * © 5 >u 
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m W ± C & * „ 1 0 0 0 'C £ $ * * i: , H 7 * g£ 5 2 1 © g ® # 

- a ® l . *s n $ & &m (f e. n * tz sb s tsittjsit'j^ 

*fc, #'J^j3>»R 5 2 3(DSMI»»ltli, Bl 5 6 C Si 

t £ ? (3 , *ttt>7^;i/:73»aS'y:j>»lIR5 2 2 $ ft 3 0 O'CJW 

5 ± c in #ft r * i: , *©Jboift^*«:j6tT*»<ft&, i o o o to 

I^©4 5 0 c m 2 / V • s e cl:i5:5i:ni:> 1 0 0 
0 *C £ & * * i: /j\ $ < & * o 

* & fc , U - If C - A 5 7 1 a ommiZbQTLX % t - * 5 6 1 
10 5 5 1 aOSUtio-C. 7 i EA77;j"j3Vi(R 5 2 2 H'0 

o -c - i i o o 'c © $5 H -c in & r 4 c t tz a d > «tk , * y ^ y a 
>»i5 2 3©eattg©ffi**j:vajiH©ia±a*<»«»6n5. 

£ m « C , TFTiljEU y-h«E{Vg)-FH>ia{I 
15 d) # £ g+ AN L £ £: d 3 > 0iJili7t;b7 r^i"J 3 >iK5 2 

2 ©iDgftfiA 6 0 0 'Com-^om £05 0 C 5* T .fc 5 £ s HJfi© 

» « 5 - 5 , 5-6 J;H, $M:a»&TFT^ttis}|?,ftfe; 

(Xffi©Jg« 5 - 8 j 
*^B|O^Jfi©^i 5 - 8 EI5 7, E15 8, 

20 5 OCS-jU-CSIillJtS, 

7 '^">75 8 1 # m ^ 6 ft * £ tfH & « ^ 0 
£DI*L<tt,-Bl5 7l:gtj;^C, £fl6©E5J!§5-7i:|i3|i© 
25 KrFi^>vi/-f57 l©>-1ft-AS7 latt, z * ;v 7 

t^s/U3>»m5 2 2 £ * it a m m $ m 5 7 1 b # 5 0 a u m x 
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200mm©#ttlcfcaJ;3K:JB»rs. - £ , Xe77»^7 
> 7 5 8 14»&«*6n4Rl||**6^Jti«oXe77yi/a 
7>7-^5 8 1 a 12 > ±Bl/-1f 7 1 a © RR JB fig 5 7 1 

bStt}5mmx2 0 Omm£Dfi3Sirii^3i5 8 1 7t^77^ 
5 J"i3>l5lig 5 2 2 # 1 0 0 0 *C « ft £ AO & <? ft * «fc 5 £ M jty T 
* o * fc , COXe^^y^a^^r^SS 1 a fct , El 5 8 £ 5j f 
t+tZs \s ~ If K - A 5 7 1 a © ARM » * t PI ffl U X , * © HRftf 

^*©W ^;uafcUTi«Rfi* , j*a. * & , u - t: 

-A 5 7 1 a ©ftRM^Jl/^ li, *©JgfftJR| JQ © 2 / 3KTfflA;u 

± SB © <t ? i: l t b i& s n # >; > ij 3 > m m 5 2 3 © « a 

*i-«fc *#SbJ|l£tt«tt % *ft*ft35;tt©JB8R 5 - 7 Cis^t 
7tA'777 , / , jD>ifi5 2 2 * 1 0 0 0 X;CttttL3!i«6fc|J 
15 \X®®X$>vtztf. &M<DBm5 ~ 7 \Z&^X&#7 2 1 

C*'J>©ffi*a*«fei;fc©CttLs # HAS © B 18 5 - 8 T? S * tt £ 

* iB « io Rfc * * C # t § * & «k £M4££g£{;:f*D±$ 

20 

( V g ) - K U 1* >** (Id) ftftZftmbtztZZ. @50i: 

^t«k-5£> mm® mm 5 - 7 «t d , $ 5, tc&$? & t f t#4$# 

?# & ft fc o 

25 (Hflg©m® 5 - 9 ) 

*»W©^m©JB» 5 - 9 C.o^T» 12159, is «fc V M 5 0 C 31 
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c®*IBfl>»»5-9C*v»Ttt, 0 5 9t;^fj:ai:, il® 
JBJB5-8 i:llItS©KrFxdF-i/vu~-y5 7 lj&»&.$8tf&ftfti, 

- If K - A 5 7 1 a#, ifiSSiRttS»«5 7 2£<fct)£|}$ft 
5 T x 7t;V7 7^i/i; 3 >|Jj| 5 2 2 C*m 5 0 0 /irax2 0 0 

mmS*©*l?4*0!Kl»flltt5 7 1 bCJH»Snfti:fcfc£, YAG 

fcftK:«ifcrftYAGl/-1f«flr5 9 l*e,CDb--yt;-A5 9 1 
a^s fififfi5 9 2CJ:»)fiit£ii-c, 7 ^ ;V 7 3* * 5/ U 3 > & jg 
10 5 2 2 fc: * (* ft 5 m m x 2 0 0 m m © JW » * * 5 9 1 bCiiJih 
ft o ±13 0 «fc 9 £ , tt'ftatRttfiltjK 5 7 2 *itffi«fi5 9 2 C 
«fc o T N l/-1f t-A 5 7 1 a is «fc V U - If C - A 5 9 1 a tt v 7" 

- A 5 7 1 a*itfl/-1fi;-A5 9 1 a © J8 M * 4 Z * J: 
15 V M ;U * , ^-1ft-A57 1a©JHjWx^;i/^ % 3e V( ct-^ 

5 6 i iz x z a 7 zmfa 5 2 i © an & & g & x Hfls©?&f$5-8 
i: Hfll-c % ft o 

±BYAGl/-tf«K5 9 l©U-if£-A5 9 1 a K J; ft 7 * 
il'77;->'j3>|1 5 2 2©JoJftSg$^S3&»ft l 2 0 0 *C © $§ 
20 l-ca^ £S8& LT U •> U u >*|R 5 2 3 £Bfi!cL, «Attfiv 

«-5 2 2 ©4Q»»**» 1 1 .0 0 •C©**fc, *ft*n**©5. 5 
/im, feitf 6 0 0 cmVV' secC&ot, T to £ , YA 

Gu-if^jgs 9 l & * <i8 in is m w c i: iz £ & % r ^ ;u 7 r * 

25 ^y3>»tt522ttt««»»|cio»fc*,ir9^»tR62 1 
< tattU U 2/ U 3 >»« 5 2 3 C*f*4&#8&A L& 
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c & # s ® & & © st? u d a > mm 5 2 3 # a e> n fc » fen, t 

* » 7 t Z >> i) 3 > ft® 5 2 25 1 2 0 0 'C $ Tf iD 3fc t fc $ 6 

5 i* , *e in *t n , £ £ v m # ai> * # s/j & # , ft n {£ t u <, cn« N 

YAGb-1f^jS5 9 lCi5?tBlD»ieCBi:aisgj,ij3># 
JfcfiJcSft* cn^KrFx^^Tl/--b'5 7 1 K: «fc ■& &£l/$ft £ & 

£fc> £Jfc©J&!g 5 - 3 £ , TFTB^U 

10 ( V g ) - HO|«.(ld) ft<l£ £MJ U Ac 4: c: 5, 12 5 0 £ 
>j< f «fc -5 K , *fl8©JBJ»5-8*Dfc, $&fcA#&TFTi$tt# 

» 6 n&o ' 

- if & S 5 9 ^l^«XeClx*.>-7i/-ifjfeifo/t 

1!, o , if7(58#Jt«i:iot».KrFxt^vi/-!r5 7 1 

* t> ft vw< ;i/ a « N cF tc N mtLtt® 5 8i:^t^ ^>^"C 

jw » r n a , niosjsi^&ns, $ e, t . Ar^--yns©iigg 

20 ±ge*3*iS®JB»fc:l3i\Ttt* *»#HTS/'J3> (S 

i ) £ ffl V» £ #1 £ L & # s itlCIS&r, 0] * « , 
(Ge) ^> , «'JntI ( G a A s ) H©III-Vj£.£&&, 
JS IB * U > (ZnSe) S«DII-VI£i|i3tt&ir£ffi^T4>, 

25 :ti4aB$ntir^, $ e> c , yij3>ssn ( s i' c ) > y 3 
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* fc , 7i^7 77->ij3>« 5 2 2 A©l/-lfK-A5 3 1 
a © IH « * tt » ^7^I|[52 lli^jfot!), Zt;!/??^^ 
y 3 > » K 5 2 2 £ £ # 7 * S IE 5 2 1 M © i?a £ & -5 «fc -5 

^©*«!*M*«©aS«ftffl^fcO, $*tt©S!E©flltf&t&ttBttf 
£ ftfc © £/B U S £ LT <fc ^ e 

* fc % fiiD^Cjfe4&0U-ift-A 5 3 2 a?li % 7^^ 77 
* •> U r? > $ $J 5 2 2 © £ T © «« » L T BUM * 1\ ft l% T F T 
«tt#it>Sftfll*l:?HT.SItiB«l, f&© «8£ o n r tt, tt* 

» & K: , 8Sflsffl©fc©©U-1f*e-*5 3 1 a^jEUtlBftt 

( H fig © Jfc fl§ 6 - 1 ) 
I* T , **<***fcLT©»Kh^y**jP»fla^«BK:ji 

7 t *r * 77| u **3g©*fl»w81BK::i3it-CH:, ii & £ jjs ^ 

*cKtt6ns»jK h 5 > 2; * * i* , a^©^©tye>$i£Mr.?.fe 
©k> h*>:y**«ftt ©$-&*»<*-*!&»#&.&-;&» jn& 

&a*ffltt©fflj3&lcGB<?Fn*ffitt|§)R (|»?-f^BB) ffi ^ & 

y a > » ) © ft « * c u - -y © js« a a £ » & & a c c j; & , 
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V KmmZfi r> tz'&. B IS B » tt k: L, T ± 83 Jit l © u - ? # 
iSi ft 4 t> fc»^x*;i/*-8ttT»2©l/-tfjfeRRM4fj- 3 T^ 
5. WT, 1> - tf 7 = - ;i/ B B S V U - If 7 = - * £ » C o ^ T H 
B £ # S3 U & # & Jl ft ft \Z itt B r 3 o 

(is MSB® 9TSl/;^-!|5(Dgfii:ii(0|5^S« tf: © £ ft 1\ 
*CIi:#"Ct<2>ol2I9(;::fct\T, 15M4l/-if$8ffig, 1 5 2 14 
1 5 3 14 $ - ft IS B , 1 5 4 tt 8 , 1 5 5 14 » £ S U ■ a 
> 1 ft fcg{g, 1 56li7f-^ 1 5 7 !4f&J«B £ >5* 

io iti^c ht> $SS> 'J 3 >;§© u-+f7 = -;Ko(gizi4\ 
U - V 18 & S 1 5 l*»5>»i8UfcU-'»ffl6fc£jB0|i 5 2 l: J; ^ t 
^-•fb&E 1 5 x ^ ;w ^ - © - 3r ^ © B «c S $ ti 

fc 1/ - If E - A £ Sg 1 5 4^511^X^3^^©^^-^ 15 6 £ ® 
£ 3 ft £ 4K 1 5 5 lc 18 3* 1" * 4 5 £ fc o T U * „ fc£L t l&J fll & 

15 B 1 5 7 14 , m ffi 1 5 5C*n**ffijfc©«8CfcfcKJfcl,Tl'-1f 

m "C * -5 4 o \z o t V> * o 

±I31/--tf7 = -;u«Rfc/n,N % ir, js-ftmi 5 3 Silt 
Te-AKBUB«tf»«(«itttMi)«3 0 0 ^m,S$*l 0 cm) 
20 izmmpixft U--!f*t, x***-fc« as 2 8 0 m J / c m * K 
fc * 4 3 c % Sll 5 5Si^L§i)if,, Bfttttt&ssattizvfe 
^fetooSS l 5 S Q&mtmtit I Q \/ -VftmH iff d 

14, E36 OtC^TiI»&^«itSl 5 SaJSWCJjLttTPtU 
25 ^o&£x±S3 4bfc$i^ 4 0 0mJ/cm 2 ©x;jwi'3 : --$gg-e s 
BttQB8«ttl55b, 155cfCU-+ftt£flafctt*3§2©u 
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• 7CVDCt!3 5 0 0 ACKJJtwajJ'/ijaviBt^jsit&ft, 

4 5 o-CT- iwraoBi7k*jaa*!fr5/s4,oftfflv%fc 0 $ & N u - 

5 -y yt »4 , «AH2 5 nsiOyWb^ffl'C, 3 0 0 H z © << > * - v\* ;i> 
» "C (4 , 09 6 1 £ * T «fc 3 C s JH»ffltt*»3 0Amroaja^i3$ 

4 J: *> \z (*-;i5 9 7*tfi o%) jiSLt. u--y 
io #tfBfcT!B»Sftfc«SB®«'ttfc, *-5"C*^««2:T»»fi 
^^ffiCA^ititf, P H fc * t «fc a (3 % T F T 6 1 0 & £ 
Slf SCi'Zp^.tl^oCBlSl, ft £ i gp # (4 SB & t\ * - > fc 
£ C tt fl f ft « , TFT»tt&i:©«€.'3S*/J\$<r*C.i:*«S 

15 IK 1 5 5 © § 22 ¥ ft £ ft (1216 0 © ggffij 0 j& g& $ i l 5 5 b , 
1 S 5 crtKSItwt^ft) KLT> *2CSit*j5rrtifc:£aEr 
ft fi\ Jia»K:»-r**tl-©i$BII*fi<r*ci:*»-cS*. c © © 
C J4 > 15 5 #Hj£SftTl^*;*r — 9 0 g El & £ T 1^ 

-VJB«*ff*tt«tiMi/-'lf*©Mi«iOK-A3&fii*9-oftiaiB 

20 s*T$,fcn#, c fttt-«.cisjfcife ft o)o 

±83»l©V--yy6Ba*ricj:Dx QSI & ft ^ fi « 1 5 5aC£Sh 
*ft**»*«»tt<DJ»'-tttf«&ft4J;5K:«aft*«ff*)ft*- 

* , JB2©i/--y^is«cj;t)» s n si & as 3 $ i 55b, 1 55 

25 W#6tfa-V©JH»jft{4 : TU-"tfJte(0.!!l|«4ffofcJ:C*, 30 0 
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<omM®wv&g so a a- -cm # as m^m&o a? # a £ u r < 

45:i:A5|ijBRfe 0 K-c, ±8B©«fc5fc£*Sii*>»J 
fc*M**ffirt©iS-tetf:iR©&ft3Bftftjftfljtti 5 5 a v\ T 
lis 3 0 OmJ/cm 2 t)i^x*;v^-fgtl/-1fJt4iS 

5 «t*-s, ii*guiaftaj:t)t)iBist3!)i/jN$<, a ^ « * am # a& ft 

&£©*&*< & £& Ktt(lttfiSffittl 5 5 b , 1 5 5 c £ ^ T 

M**Cfcfc:J:»K #&©$-{££ fa ± £ £ il t , 

ii«Si^1S«l5 5atffia»|5]|igjg5|aJ«l5 5b > 155c!:?, 

(HlO^l 6 - 2 ) 

83 ft JE © » IS 6 - 1 J:Ht<i«s».ifl>C»l/t»' « 2 © 1/ - if 
C©^J(50^®l?ffllNe,n5 l/-^7--;i/gg|i 1 El 9 © & H 

20 tf*©e-AtfHJgtt*«ttCttJBr*i&-<b««A62 1fc % A 
tt ( M * tt 1 c m & ) C»*B*4«j--fl3ifcKBG 2 2 i $ fS i X ^ 

*tf t -t sa us * & & ? 5.) 

!EU-1f7 = -^«B4igist, STEI6 2 (a) £ ijs if «fc 5 
; 25 C v JS-flsttBA8 2 UIU, g £ 1 5 5©£B£fcttiBfe£ 
w « « 1 5 5 aO^C^n, « - tt © * fc *l * x * ;u * - « ft 2 
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8 0mJ/cm 3 T$!|#©l/-if#£«fc»j — Jl&fto 

(«S#©U-tf#fcffiUfc£gra&t) 0 zo&iz, (St 6 2 (b) £ 
t «fc 3 n - it M BB 6 2 2 fcffllN, EI6 3(C^-r«t-5lC > SE t& 
ISna«l«155b, l 55cO«i«ff«6 3 l, 6 3 2 # U 
5 "C , x^;i/^f-SifI$yjS 4 0 0mJ/cm 2 ©^^©U~1fitSRaSif 

±13© «fc 5 tds * 2 © 1/ - -y^JH«©»© 1/ - if jfcft * 
tt£K:.tt,'*lfc©JB»6-l©J:$K:aSlgl 5 5$9 Otlls^t 

* c i: < IK Ki U &§ M ® l 5 5b, 1 5 5 c©b-lfT = -;i/* 
10 1-*ifcA*t?t*o L # o T , fl«S©JBflS6-li:EI«8K:jj!aj}$Si 

^^t^ 4: 2: £ , «B^>»jaxg©J8f*fb*«FaK:ia*C2:tf 

(fSi£©^flg 6 - 3 ) 
15 m © m 6 - 2 *s ft % ® 2 cd 1/ - if ft sag* * & & II 'a *> 

^tl/tui*. -r«cto%6-2i:EI«!lc:m2©b-*f^JS»© 
18 K v ££1 5 5 felfBSttr, E6 3 K >R f. J: -5 k: K » @) ft «j « 

* 1 5 5b, 1 5 5 oCiltS, Jfl S! © U - V K - A « fc: » j» u 
& & Jlti tB ift 6 3 1 ,6 3 2 C* fc % U-tf*©JH«»3f*H*!U' 

20 t»±«»*ff5J;5KUt*J;<,4lB»flHI 6 3 1, 6 3 2tt, 
tffl * li U - if ft # 1 onKDHttfHOCMU, 3 0 /zmlgf 
ulftU5CtU, ^ - if ft # S T $ ft T m & $ K 

* 5 m I? $ £ & S $ * (g £ & < -t * d 4: $ ^ tc -c § * t t t» 
t> « tt "C © - * fa ± * « * c: # -c s * . cc-c-s ±13© 

25 *-5K:u--y^©x*^^-iSfft#jBs^Jtg#ictt % i/-ifft#mia 
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£ l; * # , S2 1& @ 5S © $i $ 1 5 5b, 1 5 5 c "C tt , II & It $ $ 

ft U . * ft fc , Iz-tfi/g y h(5{8?l ( u - if e - a sg ) c # 
##«ffl^^-> (TFT;<J->) # M ft S> ft ^ «fc 5 £ IIS ffi> Is] SS 

a * n o o$t?> ^Ig^^'j3>0j5-ft^tt$^r-5aj^©^* 

t f t Q>m®%iz®%tta£x. ^ a *© * d ftmiar 

ft* fas ffiffl uft & , * ©issitt jt« * w©-e % ig 

ffib lei BS BP ^8 1 5 5 b, I 5 5 c ©ttja»*'tt & 3: D «T L ft ^. 

io »&, u-if#<Diw»iiv sffisrstte 3 i, 6 3 2 rti:ta 
si (#!*«3oaftif) ff 3 £ c j: t) % rti± $ * * 

®JH*tiattK:ttjttiJfc8H##ai,» £©©G^!>S8&l3j&3&*iJ>ft 
15 < ft^Tfc^ < ftoTfc£»igniM'J> &it!l*r©i*;i,*- 
& g £ 4 0 OmJ/cm 2 t L £ ® £ C 14 , IS ft 13 ft 5 0 13 U 
±* »H<tt80|frM00 13 "Cffi^ 

ftSIi'yn^ftSicttf-cgi, ft & N ± 13 © <fc 5 ft |g St& 0 S8 
*««C»LTU--tfjl60»jJ:9l«ftff^c.i:K:.J:4f||ji»*»» 

0 4>ft in D » 6 n* . 

(*Jfi©JgJB 6 - 4 ) 

ii & £ ^ ts2 1 5 5 a ^SKffi&HJBSms^mi 5 5b, 1 5 5otTl 

25 ft e> * * £ i* «r ft < , $ * i3 £ < © $ a £ * w T g & h * h x $ l3 
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fc^x**^, ttnt>*>. #i *tfisi(s©M 6 - 3 ©g 2 © u - 

?%Riat®MK:. KttB»8B1« 1 5 5 b , 1 5 5 c t*ttS, -7 
yf-+is7 h W <>' * * © F5>77r-y- h ^iJS^nifi 
\t , TSi in & 3ft g # & gg © x- , iti Vn x * ;i/ df= - $ g ( 0<J * IS 4 0 0 
5 mJ/cm 3 ) TIML, fife CD 35 ft fct % y^X^Sa^«c,ot©6 
»fcJ;*iS-tt^K-A*i6fcf tub r*ci:CJ:* 
£g&©[q)±£<Sft£-e*rt:©£3 3 OmJ/cm'i^lSSJt 
U^CL-CU^, & * > j$ & & ft © ffi iS t U T tt , J8 ft ® ft £ 

at* e>n & z ttt z-c * * m & © « ssk #f$ *> n * „ 
10 (ssas© j&js 6 - 5 ) 

d©U--y^--;u^{g(i, E9©^iatClt^T, El 6 5 £ ^ f 
«fc ? £ N ll 5 4Uf-i;i 5 6J:©F^:, if*6©j&j®4£# 
® & #J lc g * v * * gp fcf 6 4 1 £ tfS * T * # H * e ± 13 v 
15 * * g5 6 4 1 « > m6 6lZ7Ht£olZ, m « 1 5 5©flft&CTtlt. 
ttl 1 5 5 al;Jti6tiMIM6 4 1 at, B tir.B B fl 1ft 1 £ 5 
b, 1 5 5 c ;:J}iSt^SjlSti6 4 l b t*i)f^$nti $3 n 
T V\ £ „ H # iftfc li , 0i*«E£fifcttai&fc:ND:7«f;u*J?>B* 

20 & # fl?j t «ff £ © * £ $ £ * L , E*fflTf©l/-tf)feflB«x*;i,¥ 

± 13 © £ 3 & u - +f 7 x - ^ g s g # v > 4 c 1 1 J: 5 , 0| * « g£ 

A * fc l± , v £ g& # 6 4 1 £ «fc V X t - if l 5 6£i&;t>>ri:i:& 
26 £, 8&£®£x*;V*-®&4 0 OmJ/cm a -CJfflJ»rtl«s 
Bttit^tR'tt 1 5 5 afc*fLTttlWaBSSJK©JB»6 - l & £ 
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2 8 OmJ/cm^i^^^-fg-ciz-lf?--^!*:^ 
Tt* 0 t fc t> % , Bft8fcffiitt|g)R8l!7!#&0j|&:&£9ttj|Ks 

5 1 5 5i:K^S(tTSBSr5©(C|!fi?,r> 5 5 tc & £ £ a 

c: i: £ «fc o , u - -tf # jbs* a m (O ¥■ m £ ft ± $ ■& & o , v * * as 
*f64U«iB4ft|-#i:t*4Ki / T*J:<, $■ tc, n-ib 

i 5 3 ft ic gg # £ d , * * tc , ^if#&g£i$g$-fr*cD-r 
i± & < , m m & & * & * ,t 0 u - ? & $ * * « <b $ * *' "t> © 

10 ^4ft^lTUl>. 
(HilSO^Sg 6 - 6 ) 

- -y z = - * £ a cd w * si w r s . 

15 , t & ^ - ^ K - A * # * *S--fb 6 5 1 

. a* as it & nr u * . cnfc«tt)> u-^K-Aj&^icii^r^cjigH 

20 068t:jntJ:ol:, tt&ttflltt 6 5 2 a tmm<±±V * 

£.*ftfc»»*tt6 5 2 bi:ft*r*tt*JS-'fb^q6jR^6 5 2 $ 
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10 «££0ttfttfft«. $&&i:b-t> ft toggle ft** 8 tf 

* o * % m a us s * fa a * & a* m m *j m t & * & , 'ti a $ a 
®aaizfestifln±®?jm#i&ji:stu + # & a & g & *§ a c 

15 # T » * Q * fz , * IS \Z X tl « N ma** fflffl*- 

* fc , ^**SaH*««:JB©^*<i:fe^ir*;i/««lt x *§ a © 

20 l^«l»«SW«©»aJttft»raiW»ffl«fett{t4*»WK:J:* i:, v 
K L"f > ffi £ £^ & A C ft * ft S © 18 a tt.tf )B /ft- 

s n * © -e s j:©*iaBk:*»*«isa3ttiiiaf*©/j\$^ttaK»Bth 
25 $fc v *tr-^^©5ft«/<*->*aa{c»fiiir**«cj:D % ft 
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its filiOia»K:»K*****ci:3Sc<. »«±©ltt;fc3ftfctt. 

f*c:i:#T£So b fc # o T . W*«H*l'7>y^^i:i ft «b 

5 4» ft + fS *» 6 ft B ig ?SS ^ » ft $ ft -5 ffi ifr E » i: * RI - 3S 

5 ± - ft fitj \Z B /# f -5 £ t * J W fig "C ft 4 o «fc».CPUf tW«- 
as«±cft*fl«jc^fi6-r*c: i: °J SB C & <& © T > * » W C * 
t v & &g , ?S««ft©AM-LCDfc£*£flifc:|i8-csafcir> 
^fiEftfc»*A»»6ft*. 

10 ;i>* .K- A t Z Z t £ X 9 , ffiK'tt*«ttj|ft]P., *©&$£ 

A £ t> & o t in *& $ ft s t -t, • fc , »«fciQtt3fta©-e* flu e ft 
«n*«*ft*#&, ^nfbi-io *ftta>;u 

(S )i .$ ft , 1£ « * t fc JS S © $ ft Z t £ <b in, m&KMifi 

15 t -» * & £ £ E H * tS £ £ it ^ T s JtBfflTa&tRfciDafc** 

20 h 5 > p X * t U 4 fc H \\ X . U & S5 . C & g ft $ ft fc U $ g& £ 
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15 



20 



( 1 ) 

±8B^l©«SliJK*j < fcv^2©^i!SiK±{z^^^Si}i^^^jK S 
( 2 ) 

±I3«fc±Jc±ie$g l <D««Ht«»* u fcttfc, ±8385 2 oft'lt 

±g3m2©^{5^$$:±|Bmico^1s^$J;t)t»iS<iS^1-2)C: 

i: £ « ISc r £ « & 19 fit CD SI jfi * & 0 
( 3 ) 

•5 5 © <EJ ft - £ £ JiK o , 



s«4±t3 v m i ott&g.***? ass i ommmt, ±mm 1 <d 



( 4 ) 
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± S3 m 1 © m m a & u m 2© m mm± c 0 # m a * # # 9 as * 

5 tSIfft, 

* m <* & ? & » ^ 1- 4 x s 
**** c * r att. 

10(5) 

± 23 fili H ft* g bfc**{fc»H!tK:*tt ±83 IB 1 ©*6&fiKfc±s3 
U , a o fc $ tt * ft l> X # ft -T * M A * * C fc * .W $ t r 3 * ' 

15 *tt**©«jj&;&a 0 

( 6 ) 

±83g*g±K±gB$8 1 ©lfi*0t«*tJI Lfc&(c, ±13 SB 2 ©US lit 

&*mm + z 1 1 

20 ±^»2©«fi»*€±ga»i©»e**j;t)*«<.»*r*c'' 
fc*««kr**»«:*^©«.ja*a.. 

(7) 

±13 SB 1 ©«Jt0t#, Sfls3*{b£«ji:Sfls«flsa*.fl3£«iJ:© 
25 -5 *, © <5J ft - ft jf, t, $ u % 
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( 8 ) 

z ot&mmz , * v y j 7 vnz m # - =. *s ? $ & tz mm tz 

( 9 ) 

$#^8©ijiig&lii?©lg&7!ji£-e<&oT, 
/< * - > c is w * ft * £ IrJ C £ L,& # 6 ft o t t fe IZ „ 

io ± sb £ £ * n is m & © * iri 4: - a r a £ a tc % ± ffi^m 

(10) 

StR± 4: , 

15 #\fcV±S3S 1 ©»£***:«&** 2 ©»{g«*;fei&i, % 85 » W 

±ta* i ©afi«K« 2 (D«ttK±(z«ji«n«:ntJtiitA# 

*#*«^i*^*e-^©JiB«fc:j;&IS.afiJSftUfc4t*f*aiBli: 
20 J:»ttflrtft Lfc#»«:»JW»c:*tta* ± SB IS 1 © &if&|£ i; ± 28 

(11) 

n * n i o © * $ ft £ * -c & o T » 
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(12) 

# * is a> m pn r-k # x * ;u * t: - a © $ t* c * d a. a a * u & 

* $ # 15 jyj -c & o x > 

(13). 

± 15 £ fi I* , ± IB x * ^ - a © JH « C J; * « « je« ft W 
io loa&n&tflgiiEt^-fct;* nT s c §#jSUT* : 

* * ft 5$ Aft o 
(14) 

if* JS 1 3 © * « ft: & fltt "C & o T , 

±iB^jea5{s, & ai £ ft © & tu ft s a** ±3b^*<*»k©jkj^ w 

15 ±> i>o, 3 u m W. T tc B jH, $ ftx ^ £ £ ft £ ? Z #^{* -If 
I. 
(15) 

±S3£/1S®tt, £*H * ft i: i.^t a flB#ft © ft $ 3b*, *%faftf& 
20 ©«t»W±, 3 /imtlTCMSftX^i Z £*®mttZ 

(16) 
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*t m r * a © n ps c is is « u < fcajtscttfcgF.ix-c^*;: * * # 

(17) 

5 » * a a * » # w « x * ;v ^ k - a © « k: j; & » a'/st ft u 

±&4t«tt*K<DMii*lc, ± 13 * « # 19 IK J: ID - ¥ ffi rt "C ft * 
IE tf fc SS j8 SU ** J« * ft T I* * d t £ '» S3i i: f * * W # & ? 0 
(18) 

10 Si*Jgl7©^^«:^^-Cfeo-C, 
15 (19) 

« a - ¥ bi ^ ^ * c je v & g^ja » «^ t * * # a a * * # »«■ • 
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^-Fi*S8aSS5©^ffl{C^t0fc{S^6^ 
(H8 (b) ) . S/- F«tt©*Sfitt©*r. fi£ 

S»S©jS^ «>©*JiaiR««:^fi»teiStcj£*is ©r , 

S^WfCtt, #-*^U«2{iSa©i(iSSi|!4^i/-K^ 
-rtfibriX i*ATfit>. C©«fc9tet, 
TB£#©J«Ml*3B7S*4.. «±©I*I«j§ft&f£. 
/&8£nWxTt,>s„ £©#&££*), *sati©aa* 

JBSrjBttofcinsft^y 3>©^s^st&?. i ~2 

[0005] *©&, BttMMlcitB F ? >S>* * % 

few©ia{cj:r)ji5«r*. *r. *+>*m®m' 
HBofcatc. v i&mmitb. 
mm i 3 ««n ufc««c. 900 'css©^^?rjs 

C> ®ra^©y7n- x v-^, Fu-f>flHrt©qRK» 
©iSttfb*?f^ (06 (c) ) . ^om.s =i>$?h* 

>->yi/TE«%»JSR0 4 *3R^fflm*> 4 0 0-CS 

^ni.„ Mitf. n-cht\ ilKt©J/- K*ffll>3ftt> 
SSTlieOcm'/Vsr^ltiiDJii, C©SW1^ 
fifcRj*4^»S4. 1 50cm'/VsJ|2U:£itfM&flf 

[0 00 6] 

^SffiS i IgllMgWi©^^^ 1 o© h ? >y * *©* 

wiiT^e. c©»^, ^•ro*>^fig©fig@^$ij 

•W*!fiWttft<, *§ B B H ^©^^t. ?*>*jHH« 

rt©*s*ttff©«Kfiaj&*iFfiT*s. jfflffltojxm 

^t>*^fiX<SlsS©^&fk4@Wi 




(3) 

3 

[ooo7] *»iij©gtt». c©* 5 &tt&©ffljB£ 
or . #Aff y 3 >©*tJHbi$©*s 

*C4tt<W»Ktft>. *»<l/"CTFT»tt(Olfil±i« 
6o*Ofi*?6ia4CiK*4. 10 
[0 00 8] 

7>i>X^©S«i*a-C*-5. CCT, F?N**4t> 

iw^ttKMr or #ft*^«»cj«W'r * c £ tc j: 

[0 009] 

[JtlfeM] JWc, *^©30SWcot>TBIffi*#flB0 
rBHWcKBr*. H 1 l33»5»W©-|W«l*ISffl«: 
KW*4fc»©¥fflia. H2«*||«j|0!|{cj:«3»6h-6 
«Kh9>5>*ar©Ki||8r*»). BHHfcfiE^r. *H 

*)> yS/*>*ffll>T. #Ji*S>y3l/2*8 0nm* 
W*. t©&. 01 (a)OJ:9«:, BJrt*P4flH> 30 
r, xec utj*7u- sr*»r«ic*o^7*- 

(0irtt4umraW(E>fc0£inl,fc. ) , 

«M-f xm Y35nsiKe-AjiM*«w*» 
Ji«c*J:9«c5/7H^rjs»fbfc. JWWx^^-B. 
j£K©fl8W«W (f-FIMI) 5fc> IHSJI#8tffife£ 
TSJ^fC, 1 SOmJ/cm'CCiajil/fc. 
^#H^*. 6 0 0 a G©JNWl9<C «fc 0 , ff^«NrA 
fbOfc. JSIHttt, B91 (b) ojc^tc. JSWffi4l(^ 
-FtW*) 5^omilgS">y3>^iL,-cj§ H B B )SS3 40 

fc'ifrKfcftWitfS. #»©iett. 01 (b) © 
#1 2 u fle*W£EWUct,r 
02 (C-S-©»r®4m-r «fc 5 MM h ^ **fWL, 
fc. 

iooio] %$mw-c& WcMm \-^yV>7> *<D® 

h 7 u m * riM&fl&MftJb 0. FraPB 4 m mgffir 
WMbtfft*!!© 14 0c m'/V s ift^rv>*. ^ .50 




WBff7- 17675 7 
-FtttflffllftWE-rffSi. 5/-F«i*fe68ft£0fc 

tt. ^-I-'MO^S. ^aW^yaxojgjjJBfefl:. ft 
MtS/>;a>W«. HtB/Sg&#9«:fcJ:*©r, *n 
&©7n ^^©^©aafbtfittssr * s. 
[ooi i ] «±a^fcj:^ ^wfcWra^fc^j* 

s. c©^S{c«kti«se*fiBjr»!^sr*-9feji 

xism yy x**>4a:g«©« 

[0012] fcfc, »/- K^SK©fc*©r i-JWSr 

Effltt*a<bSif SC £&< . ttJUtt3©i&JlKKtf{& 
&r£r. #HK*»2 0 0 cmWsliK4fc»h § 
&KTFT#t^±afiiJ|lBr*S. . . 
[0 0 13] 

*Kaffli/fc«*H4*#jwi/ritt?i!"r*. num* 
Jssfc, x%r««so. Tttmtmtmbitmc. m 

»h 9>^*K«S!«'fJB*JtM*l / r«»ia*ff 

Bttt^DI»Mir^/t«fc^fc3-7 wmKiftSO, y- 
*ffftLacl>H4 (a) <D#1 2©tt«K«t*J:9«:tt 

awio0tsii4&aia4 (b) ©^1 eotaanc<c* 

HWI»!5 0Mmr. MMHWWmKftftjttLfc tt' 
fc. f x^©fflB^t>*B, ®^Jg©@©S^to-t+v- 

^*m>rtf.ofc. «i*©ibb. se*©iijgih7>^ 
^*4H*r**. 7A5B«»«««:. y*7Xv*ig 

fl««*ffofc. 

[0014] 4m0V©IB«UaK«ttfin-« 
fOBifimtZmbKm. Ht>. (a) BtejMKcj: 
orttAttHLOfflBftlWr* C iife < Ti-*«f -a 



(4) 



#$¥7-1 76 75 7 



u ^ ym&m&§k&fKo®&ifimx * * c i . $ 

»). *-h;7©^7#-/a£}s< u-c. 

0. 3pA*»63R6*WO*jS«:j:«3. 0. lpAfeTF io 

[00 15] 2 

<CMX» L fc«WW» • ftftft*{B? c 4 tC<fc 7 

*«Wl±'C»*iV>9«MW***. ^^©tirS^Mil 20 9 

■f£i*£tt. y-rX- FU-f>BWEW±. V-jMUfc 10 

mimmtim. tit. m^om.m^u^vit 1 1 

-»fc!ly^7y -IS. ^1*1^** 1 2 

! «Wrft<. ISOjBWWfc*J-C* Si to * 13 
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[06] fi£*Wc J: *rat£R08ct J8l>fcMI h * > 
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(57) [gift] 

i nmnmmzmmt * c * cc* s. 

«tJi*fU S ilW*«IHIISJMfct**j*«:*$i>r, 

K««B*«WJW 5 £ iHl^tC . S i Mt#J&$ 3 ftfcg& 
^u-if-iaw<!:ls])Wbr«i^ia$^r^i(S B H B s i * 



Wela'IU 





SSBfefrfctefci^ iriBx*;u^-£-A©-SP#s2&jt 

w#m2) m3&<o&b tux* h^ttc 

e¥wmt®*wAtt*ff ^ c 4*i#m4-rsii*js 
-v-&m&m*c> msmam 1 © t- *xm&h 

ft i ©•/-■ *->^r**»«iB©iWIMt*mi. MR 
smear 1 ©e ? ?-rfrtBS&* t-^js*ffc«fcc^«i 

ibsi i oi'-ryzvim&mMK^mMt&r'} 

an s nx *$ o . i> x * - s tir t > 

4 c 4 «mi&-r ast*® 2 «ce«©^s^w*#is 

[it** 7 ] 8&©^$ic#9i g ftfcfrig^ *-y\m 
tfetvtt* * - >ra-r©mriB^* * - youfatfimti *> c 
t 1 1 h mm. 6 icsmom^mimmom 

A - >£fflC>fc C 4 fcfctft 4 * *M*X| 2 (C8BK 
©£|§A$i*fm©S&#j£. 

[ft** 9 ] friav^^o^fii^©fiFia^-^-> 

&rS©e»*"CJBtt3*rC**K IWBU— tf-JRW 
^©StS^»{c*si»T. S^Migc^-^aM&g^ 
fctf *ftTg®3tt&©U— !f-J»«*ff 5 C 4.*tt* 

4-r «n««6 {ciB«©^jsa^»»»is©t!Bs^ffi. 

[»** 1 0 ] * 4 LT. ffllEa£§{titlLhtC 

>*flJ<<>4C 4*#&4?*i**S2 (CEfKDttSA* 




(2) <&HW 1 1 -6488 3 

2 

*rtr>T. «TfB^^#®!Ji±«:iBS3nSW«U:«i9inBx 

4, C©vXi'*«}$-rsi-4#©4 > UiBvXjrtci.. 
0 gtES tifcfriBx *;l<¥- A*stffiB^* * - 

10 -A©Jffitf 4IBI»L/TSJi2i»»ttS|R49T5g©b? 9 9X* 

vwrr&^ett * c 4 £&m4 -<r * £*§ji¥z£tt 

8i£©§3&gg. 

[J»*Sl'2l fiTfai*;U^-^-A©jilt4IDfflb'C 
flffi!l6lftttSfli« 2 «BUSLh©Bf€© f 5. 

*s*wr*c4%i*«i-}-*i»*flii iiBig©^n 

%l!fiB¥J^|gaiB{c*g/J^-r4«^%{i^fcc 4 
4 -f £fi!*S 1 1 {clB$g©^ifeS¥^i^)i©i{ 
20 j*$&g 0 

£#S*4-*-Siit**l 1 (clE^©mfl¥i£fl3?lg©S!( 

ftgg. 

[n#m \ 5} tirfBi*;b+*-^-A©^iisiffiL/r 
friBiisfi^fta^^^s© f •> * tsftt 4 4 ibjb#(c . i? 
.EifiiMt»Rjt©^b*-''«a»-*>**ta-r<5*®4. m 

IBx*;l/^-e-A*^H-{cJ:»)JS«4fiLa^toHf* 
tf5^S%WT5C4«:^«t41-5if^lSl 1 tcSBtt© 
30 ^MS¥3l«i^©S3ji^g. 

[^BJ©l$iffl^^] 
[000 1 3 

[00023 

v+^ywi-bXjxumy^v** <tft> *taw 

1&X&i. 

[0 00 3 3 C<b7t?<ZfvYVv2XW6.ikWj*m. 
g». 2tS(©¥E*f7^SS (TU-fIS, 
4, cn6S®KIK:^*n/ , c«SB4^6^4Stg«)iSc 
50 4r4o-Ct,>4. A«t«{c»-^©^vXS«, «J%, *f 



(3) 

3 

i. mmm (mm®) tm^nxm. mo 

[ o o o 4 ] c ©<k 5 cc#j?&$ fttoSAa^a-ctt, 
b?5£©2 %>t?XT ku*^ ^-f^ic^n^nr io 

*imttii>. mmtT. P. Br ody6©:fcit (IEEE 
Trans, on Electron. Devices, Vol. ED-20, Nov., 197 
3, pp. 995-1001 ) {C^^hT^S. 

[ooo5] se*t f Tommmt bxu. #ak 

S i i ^iAifflt^tiri,^*^ #Kl£*SA 

S i %mMc7t>7*-< 7v r II 9 ^^S©® B ^^g 20 

«ill»*B]-S«rt{c7&JsS'Cfc jKO/h 

[ o o. o e j a 1 4«ae*<^tSfis i s 

1f&*7jk?b(DX. #7Xg® 1±©#A«S i £x+ 
U-lf-9 *fflw»T*ffi*S i *«*ri*Jl*I 
L£*SAS i {CT Z>1lifeX3bZ>. U-if- fcf-A 5 

8TO!*f;*ft&. #AKS i 3ttl/— »f-x*.M?K 

j:9*iMfcu H^ti-iiia-cttjMk-r*. u— tr-* 

bxm* 2 0-307 ^MSv>fc#8&Sft#_hPM* 
r«:$SS{b-C* Zfc&iiv xmm 1 ciAi?^ 

-f-7i-W5C £{C£9£tS£ffiK:£*SAS i 

[ 0 0 0 7 ] 0 1 5 (a) 1 ©¥®0-C&€>. 0 

15 (b) tt*©-8B©afc*da-cas. sr^-a4* 
us isjgc^ua^ii^to-cji^ci, £*sas 

6ft&*SA$tio.2-o.3 umfi&'C&^/c. £©&«>. 
ttAttl l©W£ft*ttJfcPMttWEl,, KUTFT 
1»*f»*e&#B»'C*-»fc. C©fc», ffiAII^IS 

TFTr8frUfc<T«&6-*\ Sfj£©g*7j*fi# 
£&8T*/c©icti&&©^iJ|g]!iSj&ffl<<> * fa Emm 

K, JK8»ffc&JBK&fc«>, £*3AS i TF TKttSK 50 



1 1 -648 8 3 

4 

«W 1 2tt^*Mfc^"Clr»$fc*>. TF T©Vth© 

[ 0 0 0 8 ] T F tt©tt*©fc&KKttAtt©*ft 
fc£*SAS i ©3^£&to&g 1 1 6 (Sffil* 

£-A©:fcS§[t>5K:-7Xi> 1 3*g*S iafflrt"Cffll*3 

T©S i 3*Hrtte-A©@9i&#lcj:r>vx*i9 
yj:«5 1 amSflCWTOS i 4 2 tfx*** 

-jw>tti>fc», m<d4 4 tcj:b^ae*iis< ®*jrflBr 

iac> 4 3 ©au»*»6aik***&* o c c gjgjguci&iiii&g 

jw»&n**». jbtf©*} Hfflw-ctttt 

tttt-ei>"tfi>i-2«ms«u*fiSfi'e*ttt»ci. * 
fc. wfx>y* sa©#fi©*tts*irt * < . w 

tt35rWFttttttil/TO. 2-0. 3 « m©/Mftffi"C* 

tcrSi&KMbDt 0. 5jimlSi/|^*iot C© 
t9?T?fciA«3 0 0 x 4 0 0 mmmmzmffiMMT 
Si. 1 5 0mm6©e-A£ffl(,>fciUTfc v 300 

Hz©u— tr-iwr. M9 0#*s a r&. c©fc». 

[0 00 9] C©fc*. ^HAS i TFTiCctSIBStllHl 

i - 3 a ymmommtoftvmxti^/mmii, 

[0 0 10] 

&s*jft 6 nr. * ten®*** < t *am*m l 

*Agtjj3£g*£*SAS i TFTr|ggililgS?&rtil?1-S 
[0011] *ISBJ«. ±K*»*#«L"CttSnfcfe 

©-c. *©jni©awir*ic*». **ttna©^ 
«©«ai*tt*a«'r*«>© , c*o, *fc^2©ifl<ji 

7iic5«^*SAS iTFT©tt**i*LL3tt, IB86 
@K©S^b*$J:D f ?SAa^g©^S<b • iWUBKb* 

mm 5 ^iteA^i^isiic^j&sg^iitt-r * t©r 

[00 12] 



(4) 

5 

ate. it*3it*> mmfatmikmmimmm 

* * iAi, xm ax* \z- K*mmm>$mmx. 
mtitixmt, fftiB¥&mh^©iliriBx*;u*-tf 

[0013] fi3j^2 rn^rn i tcfct,>r> mm*) 

[0014] IS^3 fjW^tcfct,^ mfiB#H 
^^^JS'sOlt^EKDU— tf-t-A^^^c, Sir 

ibs«*w? 5 is- t > *-ciifrta¥sg{*?iii©££ii 

zmmzbv-c&z. 20 
'cooi5]»«3i4tt. fs^2{cfc^r> ms&m 

iimim i © e 9 ?x®mzm i ©f -< 5r>*-c* 
^»ii<D^sft^tf i\ ^mttriBSH i © f ? 
frgBSS?: ^- AMito <t o^s&^tf -? fc«» iff ass 

£Sft2©b-9*r#«)U ffO'fT5B^l©->-^>^r 
mffB¥^S)i©^m^f ^^2 ©5/-*->^KJ: 

[0 0 i 6] Sl#3!5«. «jJGB2«:*ji>r. MsBvx 30 

^©ifiB^ * - >#tKttMwc^M3 n-cfeo , mm 
mmmmm&mz&mz *>©?**. 

[0017] M$gte ». m*ii5Kij(,>r. 
[0018] m?m7 B. HWBBeictoHT. $&©$! 

©max * ->©#i*j#s&* c i its 

[00 1 9] ftJ&iSB, iWKKitUT, 

*- > <t t x y *ir ftt© * h 5 * - 

c i*^4-r*inss*««:»)s©S5ji*ft*a«-r 

£*>©?*£. 

[0 62 0]flt*g8B. «*3l2(C4jl>r. ftttffiiK 

s^ffl^^^-^^B^to^snxiaBsn^© so 



1*HW 1 1 -6488 3 
6 

©sijt^ft^a^-r s fc©-ca>*. 
[0021] mm i ob> st*3i2 {c*ji>r, mav 

*m*» & & a a f * -/ a * - >*flii,» a c & 
4-ra^ina*5W*»K^©$mtm 

[0 022 ] it*S 1 1 B. ratt£tiU:(c»Jdt3ftfc 
fiJgB^#?8li±K:iBg3ftiSW 

SLtcciirfBx* ju=f- tf-AtiiMtr*^*-^**!* 
ufc^a^i, e©-?* «triB 
•7* * fc <* o gm s n/cirt ax * f - A^aina^ 

*->t«W*»«WI±'CIS«S****i. SiTiBx 
*Jl/^- t-A©ji^iPIftlOTt!ria^ttS^?:^ 
©tf?*-C#tt?-*#®££W**C££1^i-r*£ 

^S¥«ft:?iii©i}3i^g*»m-ra fc©r*a„ 

[002 3] 1 2 1 1 fcfc^-C, niB 

x*;u^- 1- A©flS*til«ISgi/rtirSB*6«14Sffi% 2 

r*a. 

[0024] i 3 1 1 icfc^-c. ure 

^ 0 fcx * - e - A*WE3|MKMnia 

[0 025] m^m l 4B 4 it^JS 1 1 tcfclvr. mib 
^ £gj3Lfcx* ju^- tr- A*tirga*#ftSUi* 

miffimmm&zm:? h &©■?* a . 

[0 0 26] M«91 5tt. Ms^Il HC^OT. OTIB 

jg© e 9 *r#«rf a illB#{c > KrfBiftiil4S«±©^ 
to*^-jr->*Kttaf**»t. KriBx*;u^-tf-A 

^©■c*a„ 

[0027] 

t. SiWI*liWr*u-!f-tf-A©*B*«:. ts 

- > 4 j< - i^r S i aSCC U— !f-|S«*ff 5 1 15IB# 

cc> u— »f-ji»H4iai»iU"C«R*)>fS©K9^rais 

CilCfc^ iSa"C*>o^S ; S:f#a«)©-C*a. 
^©i!S 0 ig - > 1 9 J: WS«©ji 0 f 9 9^ « 
«K©«**to*ft«Blttr t *ti*ftBWiTSTF'T. 
1$tttc*tj£ L//c^*SS©l4S^ -f XtcjSD X jBJR-C* 

[0028] ±asufc«/is«:j: r>x. mmxmtc& 



7 

ti&sgs&iig&a^rcft*. ;*<=>«:> m<om>fc* 

[0029] 

mmm dub, $8amc j: s^mus i gj$©m 

^ffi<DHifi{?!ll *mTiaT?*5. Hltc*»l>rxf— 
i?Q±.l<C> M2300x400mm, JV3 1. 1mm 
©#5Xg|£l£&gU «fi 1 ±©JP3 5 0 n m<D# 
JMRS i»®3KXeC 1 U-f-t-A547X? 1 

*i*uc£ » *s p -eaten, s i <D7=—)im®4im 

'X&$m. CCt, b-AiflWELUiO. 5mm, ft 
3 (tfllOJWT*!*!) lOOmm-ca-S. S1£©jg9b- 
^ttSO/xmtifcl S i»JK«U— If HSU** 1 0 
EStfS. 3{JS&©±#r6jO. 5mm©fig 

(ctassn, u-^-t-A5<>:i*>{c@^$n-ct,» 

2.. V— !f-»3 0 OHz"C»»l/C*»!J. lJRWftK 

t ^s p r gens©?, ss^ffi^s-r s 
n#w«t>r*>8 otfras. cntc^b-r, Bi4rw 

oo^^stucci*>6, xmmM&mmtcmb 

[003 01 02ttv*;> 1 3©^£->£^-f *>©-? 
h *) . E£a*Lhte C r Hr* h 7 A •?tf.®rt$->2 
2#7ft£$JrC(,>&. A£->2 2 (f-A^SiSM 

m ©i}iwb B i . 5 wm, %mmz i ©ifgwi. « i 

W©JWJ"CJIR»Lfc. 02{Cff?>nfc^*SSS i©& 

^*->©£[6)<!:ga©#iaRg3 1. 2-1. 3tf 
m, Wf©^f6]{C0. 3Mm©^#3©^tii*5^6n 
tc. 

[0 0 3 1 ] C©J:5(C*ft&&&#;t£ftfc©{J. U 

0, 8MS iB©Ma<Dffil^4 3A^«S^k^S 
*) . te^8K®*l>«M4 4 KHHyfcfcj&r* 5 £M 

fc*WW>*<&4 3 tf* 6filfeWB < . C ©atfHigBM* 
fiSic/SS^aox* /U'F-fcJHWT* c ± 5c <fc 0 lib* 
«WU 3 6tt t/«> * C t ifiV ft 4. 
[0 03 2] ;U7-W*->WB ©Aft***** 9 



(S) 1 1 -6488 3 

8 

*ftl>4 **§P4 3 (,&(,>©■? 3 « mgK«T# 
Sfc. a*»WL©*ft;S«. £TftS£*&§|5 
TtSaffcWftitctt* *©"C 3 y mfIg«T# J: t>. U 

^^-tt«risi±*cft-6fc«). j^i$m#iftf&iB0 
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^ (57) Abstract: System and methods for processing an amorphous silicon thin film sample into a single or polycrystalline silicon 

thin film are disclosed. The system includes an excimer laser (1 10) for generating a plurality of excimer laser pulses (1 1 1) of a 
ID predetermined fluence, an energy density modulator (120) for controllably modulating fluence of the excimer laser pulses, a beam 
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^ (100) for controlling the controllable fluence modulation of the excimer laser pulses and the controllable relative positions of the 

sample stage and mask, and for coordinating excimer pulse generation and fluence modulation with the relative positions of the 
O sample stage and mask, to thereby process amorphous silicon thin film sample into a single or polycrystalline silicon thin film by 

sequential translation of the sample stage relative to the mask and irradiation of the sample by patterned beamlets of varying fluence 
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(54) Method of processing a thin film on a substrate for display 

(57) In a method of manufacturing semiconductor 
chips for display, a semiconductor thin film is first formed 
on an insulating substrate, and then a series of proc- 
esses containing a heat-treatment process for the sem- 
iconductor thin film are carried out to form integrated 
thin film transistors on a sectioned area for one chip. 
Thereafter, pixel electrodes for one picture (frame) are 
formed within the sectioned area. During the series of 
processes, a laser pulse is irradiated onto the sectioned 
area by one shot to perform a heat treatment on the 
semiconductor thin film for one chip collectively and 
simultaneously (i.e., perform a batch heat treatment on 
the semiconductor thin film). Through the batch heat 
treatment, the crystallization of the semiconductor thin 
film is promoted. In addition, after the semiconductor 
thin film is doped with impurities, the activation of impu- 
rities doped in the semiconductor thin film can be per- 
formed by the batch heat treatment 
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METHOD FOR crystatt .ttt^ q amorphous SILICON la YFR AKm 

METHOD F OR FABRICATING TFT 

The present invention relates to a method for crystallizing an amorphous silicon 
layer and a method for fabricating a thin film transistor (TFT) using the same, and more 
particularly, a method for crystallizing an amorphous silicon layer and fabricating a TFT 
by utilizing the Sequential Lateral Solidification (SLS) technique. 

In order to fabricate TFTs on a low heat-resistant substrate, such as a glass 
substrate, an amorphous silicon layer or a polycrystalline silicon layer is deposited on the 
substrate and etched by photolithography to form active layers for TFTs. 

The mobility of charge carriers is low in the amorphous silicon layer. 
Accordingly, amorphous silicon TFT is not typically used as a driving circuit or a 
controller of a liquid crystal display (LCD). However, the mobility of charge carriers is 
high in the polycrystalline layer. Accordingly, polycrystalline TFTs can be used in 
driving circuits of a liquid crystal display (LCD), wherein devices for pixel array and 
driving circuits are formed simultaneously. 

There are two techniques for forming polycrystalline silicon film on a glass 
substrate. In the first technique, an amorphous silicon film is deposited on the substrate 
and crystallized at a temperature of about 600°C by Solid Phase Crystallization (SPC). 
This technique is difficult and problematic in terms of cost and materials because it 
requires a very high temperature. 

The second technique involves depositing an amorphous silicon film on the 
substrate and crystallizing the film by thermal treatment using a laser. The second 
technique is not a high temperature process, thus, this facilitates the formation of a 
polycrystalline silicon film on the glass substrate. 

Figs. 1 A to ID are schematic drawings which illustrate a method for forming a 
polycrystalline silicon film according to one related art. Referring to Fig. 1 A, a 
particular region of an amorphous silicon film is first irradiated at an energy density to 
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induce formation of separated islands of amorphous silicon 1 la and the silicon region 
1 1L, a region generated by the irradiation of a laser beam, completely melts. 

Referring to Fig. IB, the amorphous film is translated relative to the laser beam 
over a distance less than the predetermined distance for a second irradiation. While the 

5 film is translating, the liquid silicon region 1 1 L is crystallized under low temperature 
through a cooling process. The separated islands of amorphous silicon 1 la are used as 
seeds for the crystallization process which results in the growth of the liquid silicon 
region i 1L, thereby forming a first polycrystalline silicon region I IP. Grain growth 
occurs not only in the middle of the growth region, but growth also occurs in the 

10 interface between the liquid silicon region 1 1L and solid state amorphous silicon region 
a-Si. The grain growth stops when the grains collide at these grain boundaries. 

Referring to Fig. 1C, a selected region of a translated amorphous silicon Elm is 
secondly irradiated. Thus, separated islands of amorphous silicon 12a remain and the 
other portions of the silicon, namely, silicon region 12L completely melts. 

15 In Fig. ID, the amorphous film is translated relative to the laser beam for the 

next irradiation. While the film is translating, the liquid silicon region 12L is crystallized 
under a low temperature cooling process. The separated islands of amorphous silicon 
12a are used as seeds which grow into the liquid silicon region 12L, thereby forming a 
second polycrystalline silicon region 12P. Moreover, grain growth occurs at the 

20 interface between the liquid silicon region 12L and solid state amorphous silicon region 
a-Si, as well as at the interface between the liquid silicon region 12L and the first 
polycrystalline silicon region IIP. 

The above described processes of irradiating and crystallizing are repeated over a 
total translation distance in order to crystallize the entire film. However, since the size 

25 of each silicon grain is not uniform and the location of the grain boundary varies in the 
polycrystalline silicon layer, a device-to-device uniformity is degraded in TFTs fabricated 
by such methods. 

Accordingly, it is desirable and necessary to make the location of the grain 
boundary uniform and the grain size large. 



Accordingly, it is proposed that a polycrystalline silicon film be formed on the 
glass substrate by using Sequential Lateral Solidification (SLS) techniques, as described 
in Robert S. Sposilli, M. A. Crowder, and James S. Im, Mat. Res. Soc. Symp. Proc. Vol. 
452, 956-957, 1997. The SLS technique uses a phenomenon wherein the grain 
boundaries in directionally solidified materials tend to form perpendicularly to the melted 
interface. The SLS technique enables the conversion of as-deposited amorphous or 
polycrystalline silicon films into a directionally solidified microstructure consisting of 
long, columnar grains. 

The laser beam pattern for using SLS technique is prepared by an annealing 
apparatus as shown in Fig 2. An unpatterned laser beam is emitted from a light source 
20 and is passed through an attenuator 21 to control the energy density of the 
unpatterned laser beam. The unpatterned laser beam is focused on a focus lens 22 and 
passed through a mask having a predetermined pattern 23 in order to pattern the laser 
beam. The patterned laser beam then passes through an imaging lens 24. A film 29 on a 
translation stage 25 is irradiated by the patterned laser beam. The entire film is scanned 
by the laser beam at a predetermined repetition rate. In this regard, Mirrors 28-1, 28-2, 
and 28-3 control the path of the laser beam. 

Figs. 3 A to 3 C show a method for crystallizing an amorphous silicon film by the 
SLS technique according to another related art. Referring to Fig. 3A, a narrow region 
having a slit film shape, bounded by the dashed lines 42 and 43, is irradiated at an energy 
density sufficient to induce complete melting. Subsequently, lateral grain growth 
proceeds from the unmelted regions to the adjacent narrow strip region 41 which is 
fully-melted. Grain boundaries in directionally solidified materials proceed 
perpendicularly to the melt interface. Depending on the width of the molten region, 
lateral growth ceases when either of two events occur: (1) the two opposing growth 
fronts collide at the center, or (2) the molten region becomes sufficiently supercooled to 
cause bulk nucleation of solids. 

Due to these restrictive events, the maximum lateral growth distance which can 
be achieved with a single pulse is limited depending on the film thickness and the incident 
energy density. 
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Referring to Fig. 3B, the film is translated relative to the beam image over a 
distance less than the single-pulse lateral growth distance and irradiated again. Lateral 
growth begins again from the edges of the completely molten region, located within the 
grains grown during the previous irradiation step. The length of the grains is increased 
5 beyond the single-pulse lateral growth distance. For example, a narrow region 45 
bounded by dashed lines 46 and 47 is irradiated by a second laser pulse. Since one of 
these edges, in this case the edge 46, is located within the silicon region grown during 
the previous irradiation step, the lengths of the silicon grains formed by the previous 
irradiation are extended by the second irradiation beyond the single-phase lateral growth 
10 distance. 

Referring to Fig. 3C, the above-described processes of irradiation and 
solidification can be repeated indefinitely, creating grains of any desired length. The final 
resultant microstructure is shown. 

Using the method of the related art, a polycrystalline silicon film having uniform 
15 physical characteristics could be achieved through lateral growth of the silicon grain. 
However, the polycrystalline silicon film cannot be used to form devices for complicated 
circuits, whereas a single crystal silicon film may be use in the manufacture of such 
devices. 

Figs. 4A to 4C illustrate a method for crystallizing an amorphous silicon film 
20 using the SLS technique according to a third related art. Referring to Fig. 4A, a selected 
region having a chevron-shaped aperture of the film and bounded by the dashed lines is 
irradiated at an energy density sufficient to induce complete melting. Subsequently, 
lateral grain growth proceeds from the unmelted region to the adjacent narrow strip, 
fully-melted region. The grain boundaries in directionally solidified materials tend to 
25 form perpendicularly in relation to the melt interface. 

Because of the above-noted considerations, the maximum lateral growth distance 
that can be achieved with a single pulse is limited depending on the film thickness and 
the incident energy density. More specifically, the grain formed at the apex of the 
chevron experiences lateral growth not only in the translation direction, but also 
30 transverse to it, because the grain boundaries are formed perpendicularly to the melt 



interface. Therefore, the negative curvature of the molten zone at the apex of the 
chevron leads to a widening of the grain, such that a single crystal silicon grain region is 
induced. 

Referring to Fig. 4B, the film is translated relative to the beam image over a 
distance which is approximately one-half of the single-pulse lateral growth distance, and 
irradiated again. Lateral growth recommences from the edges of the completely molten 
region, located within the grains grown during the previous irradiation step. The length 
of the grains is increased beyond the single-pulse lateral growth distance. The grain 
formed at the apex of the chevron, a single crystal silicon region, widens. 

As shown in Fig. 4C, the above-cited processes of irradiation and solidification 
can be repeated indefinitely, resulting in grains of any desired length. The final resultant 
microstructure is illustrated. As shown in Fig. 4C, the grain formed at the apex of the 
chevron, a single crystal silicon region, widens dramatically. 

Fig. 5 shows TEM data, indicating a crystalline silicon film crystallized by using 
the chevron-shaped laser beam. This drawing shows a polycrystalline silicon region, 
having lateral columnar silicon grains grown perpendicular to the interface between the 
amorphous silicon region and the irradiated silicon region, and a single crystalline region 
formed from the apex of the chevron to its upper portion. 

However, defects in the sub-boundaries areas can be found in the single 
crystalline region. Therefore, the crystallized silicon films formed by using a chevron- 
shaped laser beam do not yield TFT devices which can achieve the level of performance 
of silicon wafer-based TFT devices. 

Fig. 6 shows the distribution of the energy density of an irradiated silicon film 
portion by a chevron-shaped laser beam. The energy density of the other portions, 
except the apex portion of the chevron-shaped beam, shows a normal distribution, the 
brim of which is low and the center is high. But the energy density of the apex portion 
5 1 of the chevron-shaped film is low relative the other portion which surrounds it. The 
explanation lies in the fact that the interference of the laser beam occurs at the apex 
because of the characteristics of the chevron-shaped beam. Thus, differences of the 
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thermal stress can form in the molten silicon portion irradiated by the apex of the laser 
beam. The principal defect lies in the interior of the crystallized silicon. 

Accordingly, the present invention is directed to a method for crystallizing an 
5 amorphous silicon layer and a method for fabricating a TFT using the same, that 

substantially obviates one or more of the problems due to limitations and disadvantages 
of the related art. 

Another object of the present invention is to provide a method for crystallizing an 
amorphous silicon layer and a method for fabricating a TFT using the same, so that the 

10 size of the silicon grain grows dramatically. 

Another object of the present invention is to provide a method for crystallizing an 
amorphous silicon layer and a method for fabricating a TFT using the same, by forming a 
single crystalline silicon region on the glass substrate through a crystallization method 
that uses the SLS technique and improves the pattern of the laser beam. 

15 Another object of the present invention is to provide a method for crystallizing an 

amorphous silicon layer and a method for fabricating a TFT using the same, by using a 
plurality of laser beams to crystallize a large area of the substrate in a relatively short 
period of time. 

Additional features and advantages of the invention will be set forth in the 
20 description which follows and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the 
invention will be realized and attained by the structure particularly pointed out in the 
written description and claims hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of the 
25 present invention, as embodied and broadly described, the present invention comprises 
the steps of preparing an amorphous silicon layer which will be crystallized on the 
insulating substrate; preparing a laser beam having a chevron-shape, the apex of which is 
round; first-irradiating a selected portion of the amorphous silicon layer with the laser 
beam at an energy density sufficient to induce complete melting; solidifying the melted 
30 region of the amorphous silicon layer by proceeding a lateral grain growth from the 



unmelted regions to the melted regions; translating the amorphous layer relative to the 
beam image over a first distance to a first direction; and second-irradiating a selected 
portion of the amorphous silicon layer with the laser beam and crystallizing the irradiated 
portions of the amorphous silicon layer. 

Another aspect of the present invention comprises steps of preparing an 
amorphous silicon layer which will be crystallized on the insulating substrate; preparing a 
plurality of laser beams, arrayed at a predetermined distance between the laser beams, 
each laser beam having a first directional straight line shape; first-irradiating a plurality of 
the selected portions of the amorphous silicon layer with the laser beams at an energy 
density sufficient to induce complete melting; solidifying the melted region of the 
amorphous silicon layer by proceeding a lateral grain growth from the unmelted regions 
to the melted regions; translating the amorphous layer relative to the beam image over a 
first distance to a second direction; and second-irradiating a plurality of the selected 
portions of the amorphous silicon layer with the laser beams at an energy density 
sufficient to induce complete melting and crystallizing the irradiated portions of the 
amorphous silicon layer. 

Another aspect of the present invention comprises steps of preparing a mask 
having a plurality of opaque regions of the dot shape, arrayed at a predetermined 
distance between dot shape to dot shape in a transparent region substrate; preparing an 
amorphous silicon layer which will be crystallized on the insulating substrate; first- 
irradiating a selected region of the amorphous silicon layer with a laser beam at an 
energy density sufficient to induce complete melting, the laser beam being prepared by 
making an unpatterned laser beam pass through the mask; solidifying the melted region 
of the amorphous silicon layer by proceeding a lateral grain growth from the unmelted 
regions to the melted regions; translating the amorphous layer relative to the beam image 
over a distance less than the single-pulse lateral growth distance in a predetermined 
direction; second-irradiating a selected region of the silicon layer with a laser beam at an 
energy density sufficient to induce complete melting; solidifying the melted region of the 
silicon layer by proceeding a lateral grain growth from the unmelted regions to the 
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melted region; and translating the silicon layer relative to the beam image over a distance 
less than the single-pulse lateral growth distance in a predetermined direction. 

Another aspect of the present invention comprises an active layer, a gate 
insulating layer and a gate electrode, the forming method of the active layer comprising 
5 the steps of: depositing an amorphous silicon layer on an insulating material layer; 
crystallizing the amorphous silicon layer with a laser beam by Sequential Lateral 
Solidification technique, the laser beam having a chevron-shaped aperture, the apex of 
which is round; and etching the amorphous silicon layer to pattern the active layer. 

It is to be understood that both the foregoing general description and the 
10 following detailed description are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

Specific embodiments according to the present invention will now be described, 
by way of example, with reference to the accompanying drawings, in which: 

Figs. 1 A to ID are schematic drawings showing a method for crystallizing a 
15 silicon layer according to a related art; 

Fig. 2 is a schematic drawing showing a laser annealing system for the SLS 
technique; 

Figs. 3 A to 3 C are schematic drawings illustrating a method for crystallizing a 
silicon layer according to a related art; 
20 Figs, 4A to 4C are schematic drawings showing a method for crystallizing a 

silicon layer according to a related art; 

Fig. 5 is a TEM showing the crystallization according to the related art; 

Fig. 6 is a drawing showing the thermal distribution of the laser beam according 
to the related art; 

25 Figs. 7A to 7C are schematic drawings for illustrating a method for crystallizing a 

silicon layer according to a first embodiment of the present invention; 

Fig. 8 is a drawing showing thermal distribution of the laser beam according to 
the first embodiment of the present invention; 

Fig. 9 is a TEM showing crystallization according to the first embodiment of the 
30 present invention; 



Fig. 10 is a drawing showing crystallization according to a second embodiment 
of the present invention; 

Fig. 1 1 is schematic drawing for illustrating a mask used in a third embodiment of 
the present invention; 

Figs. 12A to 12C are schematic drawings showing a method for crystallizing a 
silicon layer according to the third embodiment of the present invention; 

Figs. 13 A to I3C are another schematic drawings showing a method for 
crystallizing a silicon layer according to the fourth embodiment of the present invention; 

Fig. 14 is schematic drawing illustrating a mask used in a fifth embodiment of the 
present invention; 

Figs. 15A to 15B are drawings showing crystallization according to the fifth 
embodiment of the present invention; 

Fig. 16 is a schematic drawing showing another mask used in a sixth embodiment 
of the present invention; 

Fig. 17 is a schematic drawing showing crystallization according to the sixth 
embodiment of the present invention; 

Fig. 1 8 A shows one of the various examples for the mask for patterning a laser 
beam, according to a seventh embodiment of the present invention and Fig, 18B to Fig. 
18C are schematic drawings for explaining a method for crystallizing a silicon film using 
th mask as shown in Fig. 1 8 A. 

Fig. 19 is a schematic drawing showing a mask used in a eighth embodiment of 
the present invention; 

Figs. 20A to 20D are schematic drawings showing a method for crystallizing a 
silicon layer according to the eighth embodiment of the present invention; 

Fig. 21 is a drawing showing crystallization according to the ninth embodiment 
of the present invention; 

Fig. 22 is a schematic drawing illustrating a mask used in a tenth embodiment of 
the present invention; 

Fig. 23 is a drawing showing crystallization according to the tenth embodiment 
of the present invention; 
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Fig. 24 is a schematic drawing showing a mask used in an eleventh embodiment 
of the present invention; 

Fig. 25 is a drawing showing crystallization according to the eleventh 
embodiment of the present invention; and 

Figs. 26 A to 26E are schematic drawings showing a method for fabricating a 
TFT according to an embodiment of the present invention. 

Figs. 7 A to 7C are schematic drawings showing a method for crystallizing an' 
amorphous silicon film using the SLS technique according to a first embodiment of the 
present invention, wherein an amorphous silicon film is crystallized by using a chevron- 
typed laser beam having a round apex. 

Referring to Fig. 7 A, a selected film region, having chevron-shaped apertures and 
a rounded apex 61, and bounded by the dashed lines, is irradiated at an energy density 
sufficient to induce complete melting. Subsequently, lateral grain growth proceeds from 
the unmelted regions to the adjacent narrow strip, fully-melted region. The grain 
boundaries in directionally solidified materials tend to form so as to always be 
approximately perpendicular to the melt interface. Due to such considerations, the 
maximum lateral growth distance that can be achieved with a single pulse is limited, 
depending on the film thickness and the incident energy density. Here, the grain formed 
at the apex of the chevron experiences lateral growth not only in the translation 
direction, but also transversely, because grain boundaries form perpendicularly to the 
melt interface. Thus, the negative curvature of the molten zone at the apex of the 
chevron leads to widening of the grain, so that a single crystal silicon grain region is 
induced. 

The size of the single crystalline region is determined by the width of the beam 
pattern and the distance of the translation of the film. The location of the single 
crystalline region may be accurately controlled by using a laser beam which provides an 
appropriate pattern. 

The difference of the thermal stress is reduced in the molten silicon portion 
irradiated by the rounded apex 61 of the laser beam. Fig. 8 shows the distribution of the 
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energy density of an irradiated silicon portion by a chevron-shaped laser beam having a 
rounded apex 61. 

In particular, the entire portion of the energy density of the chevron-shaped film 
having a rounded apex has a normal energy distribution, of which the brim is low but is 
higher to the center. Accordingly, the difference of the thermal stress is not present in 
the molten silicon portion irradiated by the rounded apex of the laser beam. As a result, 
the interference of the laser beam in the apex is substantially reduced. Since the 
difference of the thermal stress is not formed or at least reduced in the molten silicon 
portion, the principal defect -the difference of the thermal stress, such as the sub- 
boundaries as above described - is not formed in the interior of the crystallized silicon. 

Referring to Fig. 7B, the film is translated relative to the beam image over a 
distance of less than the single-pulse lateral growth distance, approximately one-half of 
this distance, and irradiated again. The lateral growth recommences from the edges of 
the completely molten region, one of which is located within the grains grown during the 
previous irradiation step. The length of the grains increases beyond the single-pulse 
lateral growth distance, and the grain formed at the apex of the chevron, namely, a single 
crystal silicon region, widens. 

Referring to Fig. 7C, the above-cited process of irradiation and solidification, is 
repeated indefinitely, resulting in grains of any desired length. The final resultant 
microstructure is shown. The grain formed at the apex of the chevron, namely, the 
single crystal silicon region is widened dramatically. 

Fig. 9 shows a TEM drawing, showing a crystalline silicon film crystallized 
according to the first embodiment of the present invention. This figure shows a 
polycrystalline silicon region, having lateral columnar silicon grains grown perpendicular 
to the interface between the amorphous silicon region and the irradiated silicon region, 
and a single crystalline region formed from the rounded apex of the chevron to its upper 
portion. A pure single crystalline region without sub-boundaries is shown. 

Fig. 10 is a schematic drawing depicting a method for crystallizing a silicon film 
according to a second embodiment of the present invention. This embodiment uses a 
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laser beam having a continuous chevron-shape having rounded apexes 63. Fig. 10 
shows the crystallization using the above laser beam. 

The method for crystallizing the silicon film through the SLS technique by using 
the laser beam having the rounded apex is described previously. A plurality of the single 

5 crystalline regions, formed and extended from the plurality of the apexes, is shown. 

Thereby, a large area of the film can be crystallized in a short period of time according to 
the second embodiment of the present invention. Consequently, according to this second 
embodiment, a plurality of pure single crystalline silicon regions is formed on the glass 
substrate in a reduced time without significant defects. 

10 Fig. 1 1 and Figs. 12A to 12C are schematic drawings showing a method for 

crystallizing a silicon film according to a third embodiment. Fig. 1 1 shows a mask 
forming a laser beam pattern and Figs. 12A to 12C show a crystallization process with 
the laser beam patterned by the mask shown in Fig. 1 1 . In sum, three laser beams 
patterned by three transparent slits onto an amorphous silicon film is shown in Figs. 12 A 

15 to 12C. 

A plurality of transparent regions 1 12 having a long straight shape are arrayed at 
a predetermined distance in an opaque region substrate 1 1 1 of a mask 1 10 for patterning 
a laser beam. One laser beam is passed through the mask 1 10, having a plurality of 
transparent regions 1 12 to pattern a plurality of laser beams. 

20 The size of the silicon grain formed by SLS technique is controlled by the 

distance of each transparent region 1 12 and the total number of the transparent regions 
112 in the mask 110. 

Referring to Fig. 12 A, a plurality of the selected narrow regions having a straight 
slit shape of the film are first irradiated with a laser beam patterned by the mask shown in 

25 Fig. 1 1 at an energy density sufficient to induce complete melting. Subsequently, lateral 
grain growth proceeds from the unmelted regions of a-Si adjacent to the narrow strips 
which are fully-melted regions. The grain boundaries in directionally solidified materials 
are formed and are substantially perpendicular to the melted interface. Depending on the 
width of the molten region, lateral growth ceases when either (I) the two opposing 

30 growth fronts collide at the center, or (2) the molten region becomes sufficiently 
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supercooled so that a bulk nucleation of solids occur - whichever occurs first. Due to 
such considerations, the maximum lateral growth distance that can be achieved with a 
single pulse is limited to less than certain length, depending on the film thickness and the 
incident energy density. 

As shown in Figs. 12A and 12B, a plurality of the polycrystalline regions 121 are 
formed by lateral grain growth and a plurality of the fine polycrystalline silicon regions 
120-1 having bulk nucleation of solids are also formed. 

Referring to Fig. 12B, the film is translated relative to the beam image over a 
distance less than the single-pulse lateral growth distance, and irradiated again. Lateral 
growth recommences from the edges of the completely molten region, one of which is 
located within the grains grown 121 during the previous, the first irradiation, step. The 
length of the grains is increased beyond the single-pulse lateral growth distance. 
Reference numeral 122 denotes a plurality of polycrystalline regions formed by lateral 
grain growth and 120-2 denotes a plurality of the fine polycrystalline silicon regions 
having bulk nucleation of solids. 

Referring to Fig. 12C, the above-cited process, irradiating and solidifying, can be 
repeated indefinitely, leading to grains of any desired length. The final microstructure 
obtained in this fashion is shown. A plurality of the grains having a predetermined 
length, such as the distance between one transparent region and an adjacent transparent 
region of the mask, are shown in Fig 12C. Polycrystalline silicon regions 125-1, 125-2 
and 125-3 crystallized by SLS, using a plurality of the laser beams are also shown in Fig. 
12C. 

Accordingly, the large area film is crystallized in short time according to the third 
embodiment of the present invention. The larger the number of laser beams, the shorter 
the crystallization time. In other words, the crystallization speed by using n laser beams 
is n-times faster than that by using only one laser beam. A plurality of the crystalline 
silicon regions is formed on the glass substrate in short time according to the third 
embodiment of the present invention 

Figs. 13 A - 13C are schematic drawings for explaining a method for crystallizing 
a silicon film according to a fourth embodiment of the present invention, in which the 
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laser scanning for the lateral grain growth by SLS are performed two times, for example, 
once in a vertical direction and then a horizontal direction. The first laser scanning for 
lateral grain growth proceeds at a first direction to form a polycrystalline silicon region 
having first direction columnar grains and the second laser scanning for lateral grain 
5 growth proceeds at a second direction perpendicular to the first direction to form single 
crystalline regions by using one of the first direction columnar grains as seed for grain 
growth. 

Referring to Fig. 13 A, a plurality of the selected straight regions of the 
crystallized silicon film having first direction (I) columnar grains are irradiated with a 

10 plurality of the straight laser beams having the second direction perpendicular to the first 
direction. The straight laser beams are prepared by rotating the mask which was used in 
the third embodiment of the present invention by an angle of about 90 degrees. 
Subsequently, the lateral grain growth proceeds in the second direction (II) from the 
unmelted regions to the adjacent narrow strips, fully-melted regions by using one of the 

IS first direction columnar grains as a seed for grain growth. The grain boundaries in 
directionally solidified materials tend to form so as to always be approximately 
perpendicular to the melted interface. As a result, polycrystalline silicon regions 125-1, 
125-2 and 125-3 crystallized by a method according to the third embodiment of the 
present invention are formed. 

20 Referring to Fig. 13B, the above-cited process, irradiating and solidifying, can be 

repeated indefinitely, leading to grains of any desired length. As the lateral grain growth 
in the second direction proceeds, the seed grain grows more and more. The translating 
direction of the laser beam relative to the film is in the second direction (II). 

Referring to Fig. 13C, a plurality of the seed grain grows dramatically to form a 

25 plurality of the single crystalline region G as a result of the crystallization. Accordingly, 
crystallized silicon film having very large size single crystalline regions could be formed 
on the glass substrate. 

Fig. 14 and Fig. 15A to Fig. 15B are schematic drawings for explaining a method 
for crystallizing a silicon film according to a fifth embodiment of the present invention. 
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Fig. 14 shows a mask forming a laser beam pattern and Fig. 15 A to Fig. 15B show a 
crystallized silicon film with laser beams patterned by the mask shown in Fig. 14. 

A plurality of transparent regions or slits 142 having a long straight shape are 
arrayed in a row and in a column at a predetermined distance in opaque region substrate 
141 of a mask 140 for patterning a laser beam. 

The crystallized silicon film having a plurality of the single crystalline silicon 
regions arrayed in a row and in a column as shown in Fig. 15A to Fig. 15B is formed 
when the above-cited process, irradiating and solidifying, is repeated indefinitely, leading 
to grains of any desired length as in the fourth embodiment of the present invention. The 
crystallized silicon film having a plurality of the columnar long grain as shown in Fig. 
15A is formed by proceeding lateral grain growth in the first direction. The crystallized 
silicon film having a plurality of the single crystalline silicon region G as shown in Fig. 
15B is formed by proceeding lateral grain growth in the first direction and then in the 
second direction perpendicular to the first direction. 

Fig. 16 and 17 are schematic drawings for explaining a method for crystallizing a 
silicon film according to a sixth embodiment of the present invention. Fig. 16 shows a 
mask for forming a laser beam pattern and Fig. 17 shows a crystallized silicon film with 
laser beams patterned by the mask shown in Fig. 1 6. The sixth embodiment of the 
present invention discloses the method for crystallizing the large area of a silicon film by 
SLS with a plurality of the laser beams having a continuous chevron-shape, the apexes of 
which are rounded as described in the second embodiment of the present invention. 

A plurality of transparent regions 162 having a continuous chevron-shape of 
which the apexes are rounded as described in the second embodiment of the present 
invention are arrayed in a row or in a column at a predetermined distance in an opaque 
region substrate 161 of a mask 160 for patterning a laser beam. Accordingly, one laser 
beam is passed through the mask 160 having a plurality of transparent regions 162 to 
pattern a plurality of laser beams. 

The crystallized silicon film having a plurality of the single crystalline silicon 
regions arrayed in a row or in a column as shown in Fig. 17 is formed when the above- 
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cited process, irradiating and solidifying, is repeated, leading to grains of any desired 
length as in the second embodiment of the present invention. 

The method for crystallizing the silicon film through SLS technique by using the 
laser beam having a continuous chevron-shape, the apexes of which are rounded, is 

5 described previously. A plurality of the single crystalline regions, formed and extended 
from the plurality of the apexes, are shown. As a result, the large area film is crystallized 
in short time by using a plurality of the laser beams according to the third to sixth 
embodiments of the present invention to form a large size of the silicon grain or single 
crystalline silicon region. 

10 As described, the number and the pattern of the laser beams are controlled by the 

condition of the pattern of the transparent regions of the mask. Accordingly, the number 
and the pattern of the laser beams may be chosen accordingly to different applications. 

Fig. 18A shows one of the various examples for the mask for patterning a laser 
15 beam, according to the seventh embodiment of the present invention and Fig. 18B to 
Fig. 18C are schematic drawings for explaining a method for crystallizing a silicon film 
using Th mask as shown in Fig. 18 A. 

The mask 180 has a first region 181 and a second region 182 in which a plurality 
of transparent regions are arrayed in opaque region substrate 180-1 for patterning a laser 
20 beam. 

A plurality of long straight line shaped transparent regions 180-2 are arrayed in a 
first direction 189-1 at a first distance dl in the first region 181. A plurality of long 
horizontal line shaped transparent regions 180-3 are arrayed in a second direction 189-2 
at a second distance d2 in the second region 182. The first direction 189-1 is nearly 
25 perpendicular to the second direction 1 89-2. 

One laser beam is passed through the mask 180 to pattern a plurality of laser 

beams. 

Referring to Fig. 18B, the first region 181 of the mask 180 is aligned at a first 
base line 187-1 of a silicon layer. 
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And then, one laser beam is passed through only the first region 131 of the mask 
180 to be patterned to a plurality of long straight line shaped laser beams. And, the 
silicon layer is first crystallized by SLS using the mask by carrying out the cited process 
in the third embodiment as shown in Fig. 12A to 12C in which irradiating and solidifying 
are repeated indefinitely. 

The first SLS crystallization region 183-1 is formed by translating the silicon 
layer relative to the laser beams at a first distance dl during proceeding the SLS process 
by more than two shots of the laser. Herein, the first arrow 188-1 shows a direction of 
moving the mask 180 and the laser beams relative to the silicon layer. 

And then, the first region 181of the mask 180 is aligned at a sequin base line 
187-2 of the silicon layer. And, a second SLS crystallization region 183-2 is formed by 
carrying out the same process as is applied for forming the first SLS crystallization 
region 

These crystallization process is carried out repeatedly through the all substrate to 
form a plurality of the SLS crystallization regions. 

The last SLS crystallization region 183-3 is shown in Fig 18B. 

Referring to Fig. 18C, the second region 182 of the mask 180 is aligned at a third 
base line 187-3 of the silicon layer. 

And, one laser beam is passed through only the second region 182 of the mask 
180 to be patterned to a plurality of long horizontal line shaped laser beams. And the^ 
the SLS silicon layer is second crystallized by SLS using the mask 180 by carrying out 
the cited process in the fourth embodiment as shown in Fig. 13 A to 13C in which 
irradiating and solidifying are repeated indefinitely. 

The first SLS single crystallization region 185-1 is formed by translating the SLS 
silicon layer relative to the laser beams at a second distance d2 during proceeding the 
SLS process by more than two shots of the laser. Herein, the second arrow 188-2 shows 
a direction of moving the mask 180 and the laser beams relative to the silicon layer. 

And then, the second region 182 of the mask 180 is aligned at a fourth base line 
187-4 of the silicon layer. And, a second SLS single crystallization region 185-2 is 
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formed by carrying out the same process as is applied for forming the first SLS single 
crystallization region 

These crystallization process is carried out repeatedly through the all substrate to 
form a plurality of the SLS single crystallization regions. 
5 The last SLS single crystallization region 185-3 is shown in Fig 18C. 

Fig. 19 and Figs. 20 A to 20D are schematic drawings for explaining a method 
for crystallizing a silicon film according to an eighth embodiment of the present 
invention. Fig. 19 shows a mask forming a laser beam pattern and Figs. 20 A to 20D 
show a crystallization process with laser beams patterned by the mask shown in Fig. 19. 

10 A plurality of opaque regions 190-2 having a plurality of the dot shape are 

arrayed at a predetermined distance in a transparent region substrate 190-1 of a mask 
190 for patterning a laser beam. Herein, the shape of the dot may be a circle shape or a 
hexagon shape and the like. For convenience, the phenomenon that the film is 
crystallized by one laser beam is described. Referring to Fig. 20A, a portion except the 

IS selected dot region is first irradiated with a laser beam patterned by the mask shown in 
Fig, 19 at an energy density sufficient to induce complete melting. 

The amorphous film is translated relative to the laser beam to the first direction 
over a distance less than a predetermined distance for second irradiating. While the film 
is translating, lateral grain growth proceeds from the unmelted regions, the dot region 

20 201 which remains amorphous silicon adjacent to the fully-melted regions. The dot 
region 201, the unmelted amorphous silicon, is used as seeds and grows into the fully- 
melted regions. The grain boundaries in directionally solidified materials tend to form so 
as to always be approximately perpendicular to the melt interface. Reference number 
202 denotes a dot region which will not be irradiated with second irradiating. 

25 Depending on the width of the molten region, lateral growth ceases when either (1) the 
two opposing growth fronts collide at the center, or (2) the molten region becomes 
sufficiently supercooled so that bulk nucleation of solids occur - whichever occurs first. 
Due to such considerations, the maximum lateral growth distance that can be achieved 
with a single pulse is limited to less than a certain length, depending on the film thickness 

30 and the incident energy density. 
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Referring to Fig. 20B, a portion except the selected dot region is irradiated for 
the second time at an energy density sufficient to induce complete melting. Herein the 
dot region is located in the crystallized silicon region. In this embodiment, the film is 
translated relative to the laser beam over a distance less than one pulse lateral grain 
growth. 

The dot region which is not irradiated remains solid state of the polycrystalline 
silicon and has a limited number of silicon grains. In Fig. 20B, reference number 203 
denotes a dot region which will not be irradiated with a third irradiating. 

The amorphous film is translated relative to the laser beam to the second 
direction over a distance less than predetermined distance for third irradiating. While the 
film is translating, lateral grain growth proceeds from the unmelted regions, dot region 
202 which remains polycrystalline silicon adjacent to the fully-melted regions. The dot 
region 202, which is unmelted polycrystalline silicon having three grains, is used as a 
seed and grows into the fully-melted regions. The grain boundaries in directionally 
solidified materials tend to form substantially perpendicular to the melted interface. 
Reference number 203 denotes a dot region which will not be irradiated with a third 
irradiation. 

Referring to Fig. 20C, a portion except the selected dot region is irradiated at a 
third time at an energy density sufficient to induce complete melting. Herein the dot 
region is located in the crystallized silicon region. The film is translated relative to the 
laser beam over a distance less than one pulse lateral grain growth. 

The dot region which is not irradiated remains solid state of the polycrystalline 
silicon and has a limited number of silicon grains than the previous step. 

Accordingly, the more the above process carries out, the less the number of the 
grain is in dot region. Finally, the single grain remains in the dot region when the above 
processes are carried out an appropriate number of times. 

The amorphous film is translated relative to the laser beam to a fourth direction 
over a distance less than predetermined distance for irradiating four. While the film is 
translating, lateral grain growth proceeds from the unmelted regions, dot region 203 in 
which the single crystalline grain remains adjacent to the fully-melted regions. The 
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unmelted single crystalline silicon dot region 203 is used as a seed and grows into the 
fully-melted regions. The single grain grows laterally. Reference number 204 denotes a 
dot region which will not be irradiated during the fourth irradiation. 

Referring to Fig. 20D, a portion except the selected dot region 204 is fourth 

5 irradiated at an energy density sufficient to induce complete melting. Herein the dot 
region is located in the crystallized silicon region. The film is translated relative to the 
laser beam over a distance less than one pulse lateral grain growth. The dot region 204 
which is not irradiated remains solid state of the single crystalline silicon. 

The film is translated relative to the laser beam to the next direction over a 

10 distance less than predetermined distance for next irradiating. While the film is 

translating, lateral grain growth proceeds from the unmelted regions which constitutes 
the dot region 204 in which the single crystalline grain remains adjacent to the fully- 
melted regions. The unmelted single crystalline silicon dot region 204 is used as a seed 
and grows into the fully-melted regions. The single grain grows laterally. 

15 Accordingly, as the above process is repeatedly carried out, the number grains is 

reduced in dot region. Finally, the single grain remains in the dot region when the above 
process is sufficiently carried out. 

The size of the single crystalline silicon region is the same as the lateral grain 
growth. The length of the lateral grain growth depends on the thickness of the film and 

20 the temperature of the film. Accordingly, the size of the single crystalline silicon region 
could be controlled according to the thickness and the temperature of the film. 

In the case when the distance between the dot to dot is larger than the length of 
the lateral grain growth, each of the large single crystalline silicon regions is separated. 
This is why the length of the lateral grain growth is arranged to be larger than the 

25 distance between the dot to the dot. Accordingly, when the distance between the dots is 
smaller than the length of the lateral grain growth, the polycrystalline silicon film having 
a plurality of the single crystalline silicon regions, each region having a grain boundary 
which is at the interface of the silicon grain and the next silicon grain. 

In the above description, the case of the four irradiating and crystallization steps 

30 are described as embodiments of the present invention. However, depending on the 
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process condition, the larger single crystalline silicon grain could be formed by using 
combination of one or more irradiating crystallization methods. 

Fig. 21 shows the crystallization result of the silicon film according to the ninth 
embodiment of the present invention. 

In the case when the distance between the dot to the dot is larger than the length 
of the lateral grain growth, each of the large single crystalline silicon regions is separated 
and fine crystalline silicon is shown. 

However, when the distance between the dots is smaller than the length of the 
lateral grain growth, the polycrystalline silicon film having a plurality of the single 
crystalline silicon regions, each region having a grain boundary which is at the interface 
of the silicon grain and the next silicon grain. 

The shape and the location of the single crystalline silicon region is controlled by 
the array of the opaque regions of the mask. This is described referring to the following 
eighth and ninth embodiments of the present invention. 

Figs. 22 and 23 are schematic drawings showing a method for crystallizing a 
silicon film according to a tenth embodiment of the present invention! Fig. 22 shows a 
mask forming a laser beam pattern and Fig. 23 shows a crystallization result with laser 
beam patterned by the mask shown in Fig. 22. 

In this embodiment, a plurality of opaque regions 220-2 having a plurality of the 
dot shape are arrayed at a predetermined distance in a transparent region substrate 220-1 
of a mask 190 for patterning a laser beam. The one dot is surrounded by the six dots. 
Herein, the shape of the dot is a circle shape or a hexagon shape and the like. The 
crystallized silicon film having a plurality of the hexagonal shaped single crystalline 
silicon regions arrayed is formed when the above cited process, irradiating and 
solidifying, is repeated indefinitely, leading to grains of any desired length as in the 
seventh embodiment of the present invention. The one lateral growing silicon grain 
collides to the other six lateral growing silicon grains. 

Figs. 24 and 25 are schematic drawings for explaining a method for crystallizing 
a silicon film according to an eleventh embodiment of the present invention. Fig. 24 




22 

shows a mask forming a laser beam pattern and Fig 25 shows a crystallization result 
with laser beam patterned by the mask shown in Fig. 24. 

In this embodiment, a plurality of opaque regions 240-2 having a plurality of the 
dot shape are arrayed at a predetermined distance in a transparent region substrate 240-1 

5 of a mask 240 for patterning a laser beam. The one dot is surrounded by the four dots. 
Herein, the shape of the dot is a circle shape or a hexagon shape and the like. The 
crystallized silicon film having a plurality of the square shaped single crystalline silicon 
regions arrayed is formed when the above cited process, irradiating and solidifying, is 
repeated indefinitely, leading to grains of any desired length as in the seventh 

10 embodiment of the present invention. The one lateral growing silicon grain collides to 
the other four lateral growing silicon grains. 

The higher the temperature of the film, the longer the solidification time. 
Accordingly, the length of the lateral grain growth is larger to form the larger single 
crystalline silicon region. 

15 Accordingly, the shape and the size of the single crystalline silicon region is 

controlled by the array of the opaque regions of the mask, temperature of the film and 
the translating direction and the translating speed of the film relative to the laser beam. 

When the distance between the opaque region to the opaque region of the mask 
is uniform, the size of the single crystalline silicon region is uniform, as in the eighth and 

20 ninth embodiment of the present invention. 

Figs. 26A to 26E are schematic drawings for explaining a method for fabricating 
a TFT according to an embodiment of the present invention. A co-planar-typed TFT 
having a pixel electrode is taken as an example. 

Referring to Fig. 26 A a buffer layer 261, such as a silicon oxide layer, is 

25 deposited on the insulating substrate 260, such as a glass substrate. An amorphous 

silicon layer is deposited on the buffer layer 261 and is crystallized by the SLS technique, 
Since the SLS technique is shown in the description of the first to ninth embodiments of 
the present invention, the description of the SLS technique will not be repeated. The 
buffer layer prevents the impurities of the insulating substrate to penetrate into the 

30 silicon thin film during the process of crystallization. A crystallized silicon thin film 262 
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having a dramatically large first silicon grain 262-1, a second silicon grain 262-2 and a 
third silicon grain 262-3 are shown in Fig 26A. 

Referring to Fig. 26B, the crystallized silicon thin film is etched by 
photolithography to form an active layer 263. Since the first silicon grain, the second 
silicon grain and the third silicon grain are large, the active layer is formed of one single 
silicon grain. Accordingly, a single crystalline silicon TFT could be fabricated on the 
insulating substrate, such as a glass substrate. 

Referring to Fig. 26C, a first insulating layer and a first conductive layer are 
subsequently formed on the exposed surface of the substrate comprising the active layer 
263. The first conductive layer is etched by photolithography to form a gate electrode 
265 and the first insulating layer is etched to form a gate insulating interlayer 264. 
Source and drain regions 263 S and 263D are formed by doping impurities in the exposed 
portions of the active layer. The channel region 263c is located between the source and 
the drain regions. 

Referring to Fig. 26D, a second insulating layer 266 is deposited on the exposed 
surface of the substrate comprising the gate electrode. The second insulating layer is 
etched selectively by photolithography to expose the portions of the source and the drain 
regions. A second conductive layer is deposited on the exposed surface of the substrate 
and is etched selectively by photolithography to form source and drain electrodes 267S 
20 and 267D. 

Referring to 26E, a third insulating layer 268 is deposited on the exposed surface 
of the substrate comprising the source and drain electrodes. The third insulating layer 
268 is etched selectively by photolithography to expose the portion of the drain 
electrode 267D. And a transparent conductive layer is deposited on the exposed surface 
25 of the substrate and is etched selectively by photolithography to form a pixel electrode 
269. 

As described, a large single crystalline silicon region without defects could be 
formed in the insulating substrate by SLS technique with a laser beam having a chevron 
shape, the apex of which is round. And a large area silicon film is crystallized by SLS 
30 technique in short time by using a plurality of the laser beam. 
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The crystallized silicon film having a plurality of the large single crystalline silicon 
regions could be formed by proceeding lateral grain growth at the first direction to form 
a silicon film having a plurality of the columnar long grain and proceeding lateral grain 
growth at the second direction perpendicular to the first direction through using the 
columnar long grain as seed for grain growth. 

The size, pattern and location of the single silicon grain are decided by 
controlling the pattern of the laser beam and the translation distance of the silicon layer 
relative to the laser beam. 

The embodiments enable one to fabricate a System-On-Panel (SOP) type LCD, 
in which a pixel part, a driver, a controller and a CPU circuit share the same substrate, 
whereby the fabrication process is simplified and the productivity is increased. 
Moreover, it is possible to fabricate portable LCD products, reduced in weight and size, 
since the space occupied by the controller and the CPU circuit is reduced. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made in a SOP-type liquid crystal display of the embodiments without 
departing from the spirit or scope of the inventions. Thus, it is intended that the present 
invention will cover the modifications and variations of this invention provided they 
come within the scope of the appended claims and equivalents. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made in the method for crystallizing an amorphous silicon layer and the 
method for fabricating a thin film transistor using the same of the embodiments without 
departing from the spirit or scope of the inventions. Thus, it is intended that the present 
invention covers the modifications and variations of the illustrated embodiments 
provided they come within the scope of the appended claims and equivalents. 
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1 . A method for crystallizing an amorphous silicon layer disposed on a substrate, 
the method comprising: 

preparing a first laser pattern comprising a plurality of chevron-shaped lines, wherein 
the chevron^shaped lines are aligned in a first direction; 

first-irradiating the amorphous silicon layer with a laser beam at an energy density 
sufficient to induce substantially complete melting to form a melted region and an unmelted 
region; 

solidifying the melted region of the amorphous silicon layer with a lateral grain growth 
from the unmelted region to the melted region; 

translating the amorphous silicon layer relative to the first laser pattern over a first 
distance; and 

second-irradiating the amorphous silicon layer with the laser beams at an energy 
density sufficient to induce complete melting and crystallizing the irradiated portions of the 
amorphous silicon layer. 

2. The method of claim 1, wherein the irradiating-soiidifying-translating the 
amorphous silicon layer is performed at least two times. 

3. The method of claim 1 or 2, further comprising the steps of preparing a second 
laser pattern comprising a plurality of chevron-shaped lines in a second direction perpendicular 
to the first direction of the first laser pattern and repeating the irradiating-solidifying- 
translating of the amorphous silicon layer using the second laser pattern at least two times. 

4. The method of any preceding claim, wherein the first laser pattern is prepared 
by emitting a laser beam through a mask, the mask having a plurality of transparent regions in 
an opaque substrate. 

5. The method of any preceding claim, wherein each one of the chevron-shaped 
lines has a curved apex. 
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6. A method for crystallizing an amorphous silicon layer, the method comprising: 
preparing an amorphous silicon layer to be crystallized on a substrate; 

preparing a plurality of laser beams arrayed with a predetermined distance between the 
laser beams, each laser beam having continuous chevron-shapes with rounded apexes; 

first-irradiating a plurality of the selected portions of the amorphous silicon layer with 
the laser beams at an energy density sufficient to induce substantially, complete melting to form 
a melted region and an unmelted region; 

solidifying the melted region of the amorphous silicon layer with a lateral grain growth 
from the unmelted region to the melted region; 

translating the amorphous layer relative to the beam image over a first distance in a 

second direction; and 

second-irradiating a plurality of the selected portions of the amorphous silicon layer 
with the laser beams at an energy density sufficient to induce complete melting and 
crystallizing the irradiated portions of the amorphous silicon layer. 

7. A method for fabricating a TFT which comprises an active layer, a gate 
insulating layer and a gate electrode, the method comprising: 

depositing an amorphous silicon layer on an insulating material layer, 
crystallizing the amorphous silicon layer with a laser beam by sequential lateral 

solidification technique, the laser beam shape having a plurality of chevrons with rounded 

apexes; and 

etching the amorphous silicon layer to pattern the active layer. 

8. The method of claim 7, further comprising the steps of forming a gate electrode 
and a gate insulating layer on the active layer and forming source and drain regions in the 
active layer. 



9. A method for crystallizing an amorphous silicon layer disposed on a substrate, 
the method comprising: 
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irradiating the amorphous silicon layer with an energy source at an energy density 
sufficient to induce substantially complete melting to form a melted region and an unmelted 
region, wherein the energy source has a first pattern comprising a plurality of lines arranged 
adjacent to each other and separated by a predetermined distance in a first direction; 

solidifying the melted region of the amorphous silicon layer with a lateral grain growth 
from the unmelted region to the melted region; 

translating the amorphous silicon layer relative to the energy source over a first 
distance, wherein the translation of the energy source overlaps the melted region of the 
amorphous silicon layer; and 

irradiating the amorphous silicon layer with the laser beams at an energy density 
sufficient to induce complete melting and crystallizing the irradiated portions of the 
amorphous silicon layer. 

10. The method of claim 9, wherein the energy source has a second pattern 
comprising a plurality of lines arranged adjacent to each other and separated by a 
predetermined distance in a second direction. 

1 1. The method of claim 9 or 10, wherein the energy source is prepared by 
emitting a laser beam through a mask, the mask having a plurality of transparent regions. 

12. The method of any of claims 9 to 1 1, wherein each one of the plurality of lines 
of the first pattern includes chevron-shaped lines with curved apexes. 

13. The method of any of claims 9 to 1 1, wherein each one of the plurality of lines 
of the first pattern is rectangular. 

14. The method of claim 10, wherein each one of the plurality of lines of the 
second pattern includes chevron-shaped lines with curved apexes. 

15. The method of claim 10, wherein each one of the plurality of lines of the 
second pattern is rectangular. 
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1 6. The method of any of claims 9 to 1 5, further comprising rotating the energy 
source with respect to the amorphous silicon layer so that first pattern is arranged in a second 
direction which is substantially perpendicular to the first direction. 

1 7. The method of claim 1 6, wherein the energy source is prepared by emitting a 
laser beam through a mask and the rotating the energy source comprises rotating the mask. 

18. A TFT manufactured according to the process of any one of the preceding 

claims. 

1 9. A method for crystallizing an amorphous silicon layer as substantially described 
herein with reference to and/or substantially as illustrated in Figs. 7 A to 25 of the 
accompanying drawings. 

20. A method for fabricating a thin film transistor as substantially described herein 
with reference to and/or substantially as illustrated in Figs. 26 A to 26E of the accompanying 
drawings. 

21. A method substantially in accordance with any of the first to eleventh 
embodiments described and/or illustrated herein. 
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METHOD OF FABRICATING THIN FILM TRANSISTORS 
FOR A LIQUI D CRYSTAL DISPLAY 

The present invention relates to a method of fabricating a thin film transistor for 
a liquid crystal display device. 

A liquid crystal display (LCD) device is fabricated by forming various devices 
on a transparent insulated substrate, such as a glass substrate. To fabricate a thin film 
transistor (TFT) on a weak heat-resistant or heat-sensitive substrate, such as a glass 
substrate, an amorphous silicon layer or a polycrystalline silicon layer is first formed on 
the substrate. An active layer for the TFT is then formed by etching the silicon layer. 
Characteristics of charge carrier mobility are excellent when a polycrystalline silicon 
layer is formed on the glass substrate. Accordingly, when a polycrystalline silicon layer 
is used, devices for a driver and a pixel array of the LCD device are fabricated on the 
same substrate simultaneously. 

Fig. 1 is a schematic drawing of an LCD device on which a pixel array and a 
driver circuit are simultaneously formed on the same substrate. The pixel array 1 1 lies 
in the middle of the substrate 100, and a gate driver 12 and a data driver 13 are located 
near two sides of the pixel array 1 1 on the substrate 100. The pixel array 11 comprises 
a plurality of pixel cells 14 defined by a plurality of gate lines 15 connected to the gate 
driver 12 and a plurality of data lines 16 connected to the data driver 13. The gate 
driver 12 drives the pixel cells. The data driver 13 supplies the cells with data signals. 
The gate driver 12 and the data driver 13 receive external signals through external 
signal input terminals 17 and supply them to pixel cells 14. The drivers use inverters of 
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complementary TFTs to generate proper signals for the pixel cells 14. 

Fig. 2 is a schematic drawing of silicon grains 21 in a polycrystalline silicon 
layer which is formed according to a related art. According to Fig. 2, an amorphous 
silicon layer is formed on a substrate. A laser beam is applied to the amorphous silicon 
5 layer and moves by a predetermined distance for each laser pulse. Accordingly, the 
substrate is scanned by the laser beam, during which the portion of the silicon layer 
irradiated with the laser beam is melted and crystallized by solidification. By 
controlling laser energy properly, the portion of the silicon irradiated with the laser 
beam is almost completely melted, with an unmelted portion remaining at an interface 
10 between the silicon layer and the substrate. 

In the portion of the silicon layer irradiated with the laser beam, silicon grains 
grow laterally, rather than in the direction of the thickness of the layer, by using other 
portions of the silicon that remain unmelted as seeds. Depending on a state of the 
amorphous silicon layer and the laser energy supply, the seeds are located at an 
15 interface between the substrate. Therefore, a polycrystalline silicon layer having grains 
of irregular sizes at random locations is formed. 

When fabricating a TFT of a coplanar type, an active layer is formed by 
patterning a polycrystalline layer formed on the insulated substrate using, e.g., 
photolithography. A gate insulating layer and a gate electrode are then formed on the 
20 active layer, and a source and a drain region are formed by doping the active layer with 
impurities to form a TFT for the LCD device. 

Fig. 3 shows a schematic layout of a polycrystalline silicon TFT according to 
the related art. The grain pattern of the active layer has no significance on the channel 
direction because the silicon grains in the active layer are scattered irregularly on the 



substrate. Referring to Fig. 3, a plurality of silicon grains 34 are included in an active 
layer 30 of the TFT. The charges moving from the source region 31 through the 
channel region 32 toward the drain region 33 of the TFT are greatly affected by the 
grain boundaries in the channel region. Hence, the charge carrier mobility of the 
polycrystalline silicon TFT is much smaller than that of a single crystalline silicon TFT. 
Moreover, physical characteristics of the TFT formed on the substrate are irregular 
since the polycrystalline silicon layer contains irregular grains. 

Accordingly, circuit malfunctioning may occur in the gate and data drivers 
which include TFTs, causing external signals to be transferred unevenly to the gate and 
data lines. In addition, the TFTs formed irregularly in the pixel array may cause the 
image characteristics of the LCD to deteriorate. 

Accordingly, the present invention is directed to a method of fabricating thin 
film transistors for a liquid crystal display device that substantially obviates one or 
more of the problems due to limitations and disadvantages of the related art. 

An object of the present invention is to provide a method of fabricating TFTs for 
an LCD by which physical characteristics of TFTs on a substrate become uniform. 

Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent from the description, or may be 
learned by practicing the invention. The objectives and other advantages of the 
invention will be realized and attained by the structure particularly pointed out in the 
written description and claims hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with the purposes of 
the present invention, as embodied and broadly described, a method of fabricating a 



thin film transistor (TFT) for a liquid crystal display device having a driver and a pixel 
array formed on a substrate comprises the steps of forming a polycrystalline silicon 
layer on the substrate by growing silicon grains in a first direction from an amorphous 
silicon layer using a sequential lateral solidification technique; forming an active layer 
by patterning said polycrystalline silicon layer, said active layer defining a channel of 
the TFT having a direction inclined at a predetermined angle with respect to said first 
direction; and forming the TFT on the active layer. 

According to another embodiment of the present invention, a method of 
fabricating a liquid crystal display (LCD) device having a driver and a pixel array 
formed on a substrate comprises the steps of forming a polycrystalline silicon layer on 
the substrate by growing silicon grains in a first direction from an amorphous silicon 
layer using a sequential lateral solidification technique; forming an active layer by 
patterning said polycrystalline silicon layer, said active layer defining a plurality of 
channel regions having a second direction inclined at a predetermined angle with 
respect to said first direction; and forming a plurality of thin film transistors (TFTs) on 
the active layer, the channel regions of the active layer forming the channels of the 
TFTs, wherein the TFTs are devices for the driver and the pixel array of the LCD 
device. 

In another aspect of the present invention, a liquid crystal display (LCD) device 
comprises a gate drive circuit having a plurality of thin film transistors (TFTs); a data 
drive circuit having a plurality of TFTs; a plurality of gate lines and data lines 
connected to the gate and data drive circuits, respectively; and a pixel array having a 
plurality of pixel cells defined by the gate lines and data lines, each pixel cell having a 
TFT, wherein each TFT has a channel region formed of a thin polycrystalline silicon 



layer by a sequential lateral solidification technique, the polycrystalline silicon layer 
having elongated silicon grains grown laterally in a predetermined direction and having 
substantially no grain boundaries in the direction of the thickness of the layer, and 
wherein the TFTs define a channel direction which is inclined at a predetermined angle 
with respect to the growth direction of the silicon grains. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

Specific embodiments according to the invention will now be described, by way 
of example, with reference to the accompanying drawings, in which: 

Fig. 1 is a schematic layout of an LCD device having a driver formed integrally 
on the device; 

Fig. 2 schematically illustrates the state of the silicon grains in a polycrystalline 
silicon TFT according to the related art; 

Fig. 3 illustrates a layout of a TFT having a polycrystalline silicon layer shown 
in Fig. 2; 

Figs. 4A to 4C illustrate a method for crystallizing an amorphous silicon film 
using the SLS technique; 

Fig. 5 A and Fig. 5B are cross-sectional views of a silicon layer of Fig. 4C along 
the lines W and IMF, respectively; 

Fig. 6 shows a state of the silicon grains of a polycrystalline silicon layer formed 
by sequential lateral solidification; 

Figs. 7A - 7C show TFTs having a polycrystalline silicon layer as that shown in 



Fig. 6; and 

Fig. 8 shows a pattern of active layers of the TFTs on an entire substrate. 

According to the present invention/an active layer of the TFT is fabricated by 
patterning a polycrystalline silicon layer which is formed by growing silicon grains, 
using the technique of sequential lateral solidification. A method according to the 
present invention for forming an LCD device having a driver and a pixel array formed 
on the same substrate includes the steps of forming a polycrystalline silicon layer by 
growing silicon grains in a first direction from an amorphous silicon layer using the 
technique of sequential lateral solidification, forming an active layer by patterning the 
polycrystalline silicon layer, wherein the active layer defines a channel direction 
oriented at a predetermined angle with respect to the first direction, and forming the 
gate, source and drain electrodes of the thin film transistor. Uniformity of the devices 
are ensured when the predetermined angle is 0 degree or between 30 and 60 degrees 
and when the channel directions of the TFTs are the same throughout the entire 
substrate. 

The preferred embodiments of the present invention will now be described in 
detail, examples of which are illustrated in the accompanying drawings. 

Figs 4A to 4C illustrate a method for crystallizing an amorphous silicon film 
using the SLS technique. A technique of forming a single crystalline silicon layer on a 
glass substrate by SLS is described in Robert S. Sposilli, M. A Crowder, and James S. 
Im, Mat. Res. Soc. Symp. Proc. Vol. 452, 956-957, 1997. The technique, using the fact 
that silicon grains tend to grow vertically against the interface between liquid and solid 
silicon, teaches that an amorphous silicon layer is crystallized by controlling the 
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magnitude of laser energy and an irradiation range of a moving laser beam to form 

silicon grains grow laterally up to a predetermined length. 

SLS is one technique that forms the silicon layer, by applying laser to an 
amorphous silicon layer. Here, the displacement of the laser beam is shorter than the 
5 length of lateral growth of the crystal. Consequently, silicon particles which are longer 
than 10 are formed on a glass substrate. The foregoing technique is disclosed in 
"Crystalline Si Films For Integrated Active Matrix Liquid-Crystal Displays," MRS 
Bulletin, Volume XXI, Number 3, March 1996, pp. 39-48. 

Moreover, the location, size, and shape of a crystal particle may be controlled by 

10 manipulating the shape of a slit through which a laser beam passes, which enables the 
formation of silicon particles that are larger than an active area of a TFT. Thus, it is 
possible to fabricate a TFT of single crystalline silicon manufactured by forming an 
active area of the TFT as a single crystal particle. 

Referring to Fig. 4 A, a narrow region 41 of the film having the shape of a 

15 straight slit bounded by dashed lines 42 and 43 is irradiated with a laser beam at an 
energy density sufficient to induce complete melting of the silicon. Subsequently, 
lateral grain growth proceeds from the unmelted regions adjacent the narrow strip 
region 41 which is fully melted. The grain boundaries in such directionally solidified 
materials tend to form in a direction substantially perpendicular to the interface between 

20 a unmelted and the melted regions. Depending on the width of the molten region, 
lateral growth cease when either one of the following occur, whichever is first: (1) the 
two opposing growth fronts collide at the center, or (2) the melted region becomes 
. sufficiently supercooled so that bulk nucleation of solids occur. Because of these 
factors, the maximum lateral growth distance that can be achieved with a single laser 

25 pulse is limited to a certain length, which may be referred to as the single-pulse lateral 
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growth distance, the single-pulse lateral growth distance depends on the film thickness 
and the incident laser energy density. 

Referring to Fig. 4B, the laser beam image is translated relative to the film in the 
direction indicated by the arrow 48 over a distance less than the single-pulse lateral 
5 growth distance. A narrow region 45 bound by dashed lines 46 and 47 is irradiated by a 
second laser pulse. After the second laser pulse, lateral grain growth recommences 
from the edges of the completely melted region 45. Since one of these edges, in this 
case the edge 46, is located within the silicon region grown during the previous 
irradiation step, the lengths of the silicon grains formed by the previous irradiation are 

10 extended by the second irradiation beyond the single-pulse lateral growth distance. 

Referring to Fig. 4C, the above-cited irradiating and solidifying processes are 
repeated as many times as necessary to grow silicon grains of any desired length. The 
final microstructure of the silicon layer obtained in this fashion is shown in Fig. 4C, 
showing grains 49 extending in the direction of the laser beam scan 48, as well as grain 

15 boundaries 49a. The lengths of the silicon grains formed by the above SLS technique is 
remarkably large. 

Figs. 5A and 5B show the cross-sectional drawings along the lines I-I and II-II 
of Fig. 4C. Here, a silicon layer 52, formed by SLS crystallization technique is 
superimposed on an insulating layer 51, which is in turn, located on an insulating 
20 substrate 50. 

According to the SLS technique used herein, the silicon grains proceed by 
means of lateral grain growth. Thus, the grain boundaries in directionally solidified 
materials tend to form perpendicularly to the melt interface. A single pulse grain 
growth is larger than the thickness of the amorphous silicon film. 
25 Therefore, the SLS silicon thin film 52, as shown in Fig. 5A, has no boundary in 

both a first direction 53, i.e., the crystallizing direction (in Fig. 4C), and a second 



direction 55 which is perpendicular to the plane of the substrate. There is only one 
silicon grain shown in the silicon thin film 52 in Fig. 5 A, which is a cross-sectional 
drawing along the line I-I in Fig. 4C. 

However, the SLS silicon thin film 52 has a plurality of boundaries in a third 
direction 54, i.e., the perpendicular direction to the first direction 53, the crystallizing 
direction. 

Therefore, a plurality of silicon grains may be shown in the silicon thin film 52 
in Fig. 5B, which is a cross-sectional drawing along the line II-H in Fig. 4C. 

Fig. 6 is a top view showing the whole surface of the SLS silicon layer. The 

SLS silicon layer 61 is formed using the SLS technique by growing silicon grains 62 in 
the direction of the laser beam scan 63. A plurality of grain boundaries 64 also extend 
in the same direction as the direction of the laser beam scan 63. 

To fabricate a TFT of a coplanar type using a method according to the present 
invention, an active layer is formed by patterning the polycrystalline silicon layer 
formed on an insulated substrate. A gate insulating layer and a gate electrode are then 
formed, and a source and a drain region are formed by doping the active layer with 
impurities to form the TFT. 

Figs. 7A - 7C show layouts of various examples of TFTs having polycrystalline 
silicon layers crystallized by using SLS and the patterning method according to the 
present invention. Three examples are shown, where the channel direction (defined by 
the direction that points from the source region 71 to the drain region 72) are at 
different angles with respect to the growth direction of the grains 73. 

Fig. 7A shows a first TFT having a channel direction which is inclined 0 degree 
with respect to the growth direction of silicon grains 73 in the channel region 74. 

Referring to Fig. 7 A, the channel direction lies in parallel with the growth 
direction of silicon grains 73. There are minimum grain boundaries to inhibit the 
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mobility of electric charge carriers in the channel region. Accordingly, the TFT having 
the construction of Fig. 7A shows the same or comparable physical characteristics as a 
single crystalline silicon TFT. 

Fig. 7B shows a second TFT having a channel direction which is inclined 90 
degrees with respect to the growth direction of the silicon grains 73 in the channel 
region 74. Referring to Fig. 7B, a channel direction is formed to be perpendicular to a. 
growth direction of silicon grains. The mobility of electric charge carriers is low as 
charge carriers moving through the channel region are inhibited by a plurality of grain 
boundaries. Accordingly, the TFT having the construction of Fig. 7B shows the same 
or comparable physical characteristics as a TFT formed of polycrystalline silicon 
having small grains. 

Fig. 7C shows a third TFT having a channel direction which is inclined 45 
degrees with respect to the growth direction of silicon grains 73. While 45 degrees is 
illustrated in this example, any angle between 0 and 90 degrees may be used. In this 
case, electric charge carriers moving through the channel region have to pass through a 
plurality of grain boundaries. The charge carrier mobility is good since the number of 
silicon grains in the channel region is smaller than that of the related art. The 
characteristics of the TFTs are uniform throughout the entire LCD device when the 
channel direction has an inclination between 30 to 60 degrees with respect to the growth 
direction of the silicon grains. This is because the active layer in the channel regions of 
all the TFTs have approximately equal numbers of grain boundaries. A TFT having the 
above construction has physical characteristics and circuit performance better than 
those of a polycrystalline silicon TFT. 

It is important for an LCD device to have semiconductor devices having 
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uniform characteristics in the driver and the pixel array. Image characteristics of the 
LCD improves significantly when signals for the gate and data lines are transferred to 
all pixels uniformly and when the pixels have uniform physical characteristics. 

When an LCD device using a polycrystalline silicon layer having grains grown 
laterally by the SLS method is to be fabricated, the TFTs should be formed such that the 
physical characteristics of the TFTs in the drive circuit and the pixel array are uniform. 
For this purpose, the first TFT shown in Fig. 7A which has the same characteristics as a 
single crystalline silicon TFT may be used for the driver and/or the pixel array. 

Moreover, the third TFT shown in Fig. 7C which has an excellent electric 
charge carrier mobility and the same number of grain boundaries among the TFTs may 
be used for the driver and/or the pixel array. 

Fig. 8 illustrate patterns of an active layer for the first type of TFTs shown in 
Fig. 7A which ensure uniformity among the TFTs across the entire substrate 81. The 
active layer is a polycrystalline silicon layer of silicon grains grown a first direction 89 
by crystallizing an amorphous silicon layer using SLS. 

Each block 82a or 82b indicates an area of the active layer accommodating the 
channel region of a TFT. In the example illustrated in Fig. 8, the TFTs 82a in the pixel 
array 84 and the TFTs in the data and gate drive circuits 83 have channel regions that 
are in the same direction and are parallel to the crystallizing direction 89 by SLS. 

As pointed out above, when TFTs are formed in an SLS silicon layer, it is 
important to form and arrange patterns of active layers where the channel directions are 
determined by the growth direction of the silicon grains. Uniformity of devices through 
the whole substrate is obtained by forming the TFTs so that their channels are oriented 
in the same direction. 
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In addition, TFTs having excellent physical characteristics are formed uniformly 
on the entire substrate by forming the TFTs so that their channel directions are inclined 
at a predetermined angle with respect to the growth direction of the silicon grains. 

It will be apparent to those skilled in the art that various modifications and 
5 variations can be made in the method of fabricating a thin film transistor for a liquid, 
crystal display of the present invention without departing from the spirit or scope of the 
invention. Thus, it is intended that the present invention covers the modifications and 
variations of the illustrated embodiments provided they come within the scope of the 
appended claims and equivalents. 
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CLAIMS; 

1 . A method of fabricating a thin film transistor (TFT) for a liquid crystal 
display device having a driver and a pixel array formed on a substrate, said method 
comprising: 

forming a polycrystalline silicon layer on the substrate by growing silicon grains in 
a first direction from an amorphous silicon layer using a sequential lateral solidification 
technique; 

forming an active layer by patterning said polycrystalline silicon layer, said active 
layer defining a channel of the TFT having a second direction; and 
forming the TFT on the active layer. 

2. The method according to claim 1, wherein said first direction is inclined to 
said second direction by between about 30 and 60 degrees. 

3. The method according to claim 1, wherein said first direction is inclined to 
said second direction by about 0 degrees. 

4. The method according to any of claims 1 to 3, wherein said TFT is a device 
for the driver. 

5. A method of fabricating a liquid crystal display (LCD) device having a 
driver and a pixel array formed on a substrate, comprising: 

forming a polycrystalline silicon layer on the substrate by growing silicon grains in 
a first direction from an amorphous silicon layer using a sequential lateral solidification 
technique; 

forming an active layer by patterning said polycrystalline silicon layer, said active 
layer defining a plurality of channel regions having a second direction; and 
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forming a plurality of thin film transistors (TFTs) on the active layer, the channel 
regions of the active layer forming the channels of the TFTs, wherein the TFTs are devices 
for the driver and the pixel array of the LCD device. 

6. The method according to claim 5, wherein said first direction is inclined to 
said second direction by between about 30 and 60 degrees. 

7. The method according to claim 5, wherein said first direction is inclined to 
said second direction by about 0 degrees. 

8. A liquid crystal display (LCD) device comprising: 

a gate drive circuit having a plurality of thin film transistors (TFTs); 
a data drive circuit having a plurality of TFTs; 

a plurality of gate lines and data lines connected to the gate and data drive circuits, 
respectively; and 

a pixel array having a plurality of pixel cells defined by the gate lines and data 
lines, each pixel cell having a TFT, 

wherein each TFT has a channel region formed of a thin polycrystalline silicon 
layer by a sequential lateral solidification technique, the polycrystalline silicon layer 
having elongated silicon grains grown laterally in a predetermined growth direction and 
having substantially no grain boundaries in the direction of the thickness of the layer, and 
wherein the TFTs define a channel direction. 

9. The LCD device according to claim 8, wherein said growth direction is 
inclined to said channel direction by between about 30 and 60 degrees. 

10. The LCD device according to claim 8, wherein said growth direction is 
inclined to said channel direction by about 0 degrees. 

11. The LCD device according to any of claims 8 to 10, wherein channel 
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regions of the TFTs of the gate driver circuit have substantially the same direction as 
channel regions of the TFTs of the data driver circuit. 

12. The LCD device according to any of claims 8 to 10, wherein channel 
regions of the TFTs of the gate driver circuit have substantially the same direction as the 
channel region of the TFT of each pixel cell. 

13. The LCD device according to any of claims 8 to 10, wherein channel 
regions of the TFTs of the data driver circuit have substantially the same direction as the 
channel region of the TFT of each pixel cell. 

14. The LCD device according to any of claims 8 to 10, wherein channel 
regions of the TFTs of the gate and data driver circuits have substantially the same 
direction as the channel region of the TFT of each pixel cell. 

15. A method of fabricating a thin film transistor substantially as described 
herein with reference to and/or substantially as illustrated in Figs. 1 and 4A to 8 of the 
accompanying drawings. 

16. A method of fabricating a liquid crystal display device substantially as 
described herein with reference to and/or substantially as illustrated in Figs. 1 and 4A to 8 
of the accompanying drawings. 

17. A liquid crystal display device substantially as described herein with 
reference to and/or substantially as illustrated in Figs. 1 and 4 A to 8 of the accompanying 
drawings. 
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*1H»=*V»T. ( A ) .1*, 5 3t*?<D 
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*. b#ahw t l r (4, r ?x 

VCVDfc, EB«*tf % MBE% X 
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- ifl H T li, ^ y 3 V ft » 05* J< * - > m ft U 

y- h»a««»*T*. »y- h a»Mi*»ia 

(fctt-cjBflSr4»fi(ii5aro-bx) t c v d*s 
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joj*e*aaa« 208*'j>«: < kt»t4«#i: 
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rr * c t «, «ft ja a a» mo stt t * o, **-»a 
««T**attffl**j:DiA<isa<b-r*ctA' 
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* * f& a r * x a r * s. a 2 h ( b > r », 
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T iv 4. BfcfcHT, 2071**- h fcffi, 208 tt V 

T-x-Kn-^a*. 2091**- Majina. 2io» 
awaaa, 2111*3 9 2i2i*Ra*>j* 
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aW#«c-ejKfS-C*4. liliOilU-TFTiDf 
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«jST«:i*'ijffiU9*, a ft a iz * *i tf, 
»«tt»aatra±t s i ^lA-itBs l-a 
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(57) A method of fabricating a thin film transistor comprises crystallizing an amorphous silicon layer 22 
having sloping surface and flat surface by SLS technique using a laser beam having predetermined energy 

?rlm S °H aS -r° m f the . S J 0pl D? Surface as weM as the f,at 8urface of the amorphous silicon layer 22 to form a 
crystallized silicon layer 23 and forming the active layer by selectively etching the crystallized silicon layer. The 

c!frfL a e8 A^ S 8P ?l! n ? n ; vertfca "V to the sloping surface while the laser beam is applied vertically to the flat 
surface. Although the sloping surface and the flat surface of the amorphous silicon layer 22 are irradiated with 
aser beam having same laser energy density, the absorbed energy density of the sloping surface may be 
lower than that of the flat surface. The laser beam requires first energy density to substantially melt the 
sloping surface and second energy density to substantially melt the flat surface of the amorphous silicon 22 
The amorphous silicon layer 22 is irradiated with the laser beam having the first energy density to 
substantially melt both the sloping and flat surfaces. yy y 
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METHOD FO R FABRICATING THIN FILM TRANSISTOR 

The present invention is related to a method for 
fabricating Thin Film Transistor (TFT) , and more 
particularly, to a method for fabricating TFT, of which 
5 an active layer is formed by crystallizing a silicon thin 
film, using Sequential Lateral Solidification (SLS) . 

In order to fabricate TFTs on a low heat-resistant 
substrate, such as a glass substrate, an amorphous 
silicon layer or a polycrystalline silicon layer is 
deposited on the substrate and is etched by 
photolithography to form active layers for TFTs. 

The mobility of a carrier is low in the amorphous 
silicon layer. Accordingly, amorphous silicon TFT is 
difficult to be used as a device for driving circuits of 
a liquid crystal display (LCD). However, the mobility of 
a carrier is high in the polycrystalline layer. 
Accordingly, polycrystalline TFT could be used as a 
device for driving circuits of a liquid crystal display 
(LCD) , in which devices for pixel array and a device for 
driving circuits are formed simultaneously. 

There are two techniques to form polycrystalline 
silicon film on a glass substrate. The first technique 
is that an amorphous silicon film is deposited on the 
substrate and is crystallized under a temperature of 600 
by Solid Phase Crystallization (SPC) . The first 
technique needs a high temperature process. Therefore, 
it is difficult to form the polycrystalline silicon film 
layer on the glass substrate by the first technique. 

The second technique is that an amorphous silicon 
film is deposited on the substrate and is crystallized by 




2 

thermal treatment using a laser. The second technique 
does not require a high temperature process. Therefore, 
the second technique is applied to form a 

polycrystalline silicon film on the glass substrate. 
5 Fig. 1A to Fig. IE are schematic drawings for 

explaining a method for fabricating a TFT according to 

prior art. 

Referring to Fig. 1A, a source electrode 11S and a 
drain electrode 11D are formed on an insulating substrate 

10 100. And an amorphous silicon layer 12 is deposited on 
the exposed surface of the substrate comprising the 
source electrode US and the drain electrode 11D. Herein 
the amorphous silicon layer 12 has steps and sloping 
surfaces, since the amorphous silicon layer 12 covers the 

15 protruding source and drain electrodes lis and 11D. 

Referring to Fig. IB, the amorphous silicon layer is 
crystallized into a polycrystalline silicon layer 13 by 
carrying out a crystallization procedure using laser 
annealing. The method for crystallizing the amorphous 

20 silicon layer into the polycrystalline silicon layer 13 
by applying a laser beam to the amorphous silicon layer 
is described as follows. 

An active layer of the TFT is formed by the 
polycrystalline silicon layer having large silicon grains 

25 to decrease the effect of the grain boundary which 
prevents carriers from passing their channel. 

A selected region of the amorphous silicon layer is 
first irradiated at an energy density to induce separated 
islands of amorphous silicon remaining and the other 

30 portions complete melting. The amorphous film is 

translated relative to the laser beam over a distance 
less than the predetermined distance for a second 



10 



15 



irradiating. While the film is translating, the 
separated islands of amorphous silicon are used as seeds 
and grow into the molten silicon region, thereby to form 
a first polycrystalline silicon region. Herein, grain 
growth occurs from the interface between the liquid 
silicon region and the solid state amorphous silicon 
region into the liquid silicon region. This grain growth 
stops by making grain boundary when each grain collides. 
This process, the above-described process of the 
irradiating and crystallizing, was repeated over a total 
translation distance to crystallize the majority of the 
film. 

Referring to Fig. ic, the polycrystalline silicon 
layer is etched by photolithography to form an active 
layer 14. Referring to Fig. ID, a gate insulating 
interlayer 15 and a gate electrode 16 are formed on the . 
active layer 14. Source and drain regions 14S and 14D 
are then formed in the active layer 14 by doping 
impurities in the exposed portions of the active layer 
14. The channel region 14C is formed between the source 
and the drain regions 14S and 14D. 

Referring to Fig. IE, a passivation layer 17 is 
deposited on the exposed surface of the substrate and is 
etched selectively to expose a portion of the drain 
25 electrode 11D. And a pixel electrode 18 is formed 

connecting the exposed portion of the drain electrode 11D 
on the passivation layer 17. 

However, since the size of each silicon grain is 
non-uniform and the location of grain boundary is random 
in the active layer, device-to-device uniformity is 
degraded in TFTs fabricated according to the prior art. 
Therefore, the polycrystalline silicon layer could not be 
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applied to form devices for complicated circuits, while a 
single crystal silicon film could be applied to form 
them. 

Accordingly, the present invention is directed to a 
method for crystallizing an amorphous silicon layer and a 
method for fabricating a TFT, that substantially obviates 
one or more of the problems due to limitations and 

10 disadvantages of the prior art. 

Another object of the present invention is to 
provide a method for fabricating a TFT, the active layer 
of which is formed by crystallizing a silicon thin film, 
using steps by Sequential Lateral Solidification (SLS) . 

15 A further object of the present invention is to 

provide a method for fabricating a TFT, the active layer 
of which is formed by using a large single silicon grain. 

Additional features and advantages of the invention 
will be set forth in the description which follows and in 

20 part will be apparent from the description, or may be 

learned by practice of the invention. The objectives and 
other advantages of the invention will be realized and 
attained by the structure particularly pointed out in the. 
written description and claims hereof as well as the 

2? appended drawings. 

To achieve these and other advantages and in 
accordance with the purpose of the present invention, as 
embodied and broadly described, the present invention, a 
method for fabricating a TFT having an active layer 

30 formed by crystallizing an amorphous silicon layer, 
comprises forming the active layer having sloping and 
flat surfaces by selective etching of the crystallized 



silicon layer; crystallizing the amorphous silicon layer 
by SLS technique, using a laser beam having energy 
density so as to melt the sloping surface as well as the 
flat surface of the amorphous silicon layer. 

In another aspect of the present invention, a method 
for fabricating a TFT comprises steps of: forming source 
and drain electrodes on a substrate; depositing an 
amorphous silicon layer on the exposed portion of the 
substrate comprising the source and the drain electrodes; 
crystallizing the amorphous silicon layer by SLS 
technique; forming an active layer by etching the 
crystallized silicon layer through photolithography; 
forming a gate electrode and a gate insulating layer on 
the active layer; and forming source and drain regions in 
the active layer by doping impurities selectively in the 
exposed portion of the active layer. 

In another aspect of the present invention, a method 
for fabricating a TFT, comprising steps of: forming a 
gate electrode on a substrate; forming a gate insulating 
layer on the exposed portion of the substrate comprising 
the gate electrode; depositing an amorphous silicon layer 
on the exposed portion of the gate insulating layer; 
crystallizing the amorphous silicon layer by SLS 
technique; forming an active layer by etching the 
crystallized silicon layer through photolithography; and 
forming source and drain electrodes connecting the active 
layer electrically. 

Specific embodiments will now be described, by way 
of example, with reference to the accompanying drawings, 
in which: 

Figs. 1A to IE are schematic drawings of a TFT 
according to prior art; 
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Figs. 2A to 2E are schematic drawings of a TFT. 
according to a first embodiment of the present 
invention; 

Figs. 3 to 5 are schematic drawings of a three 
5 silicon layer crystallized by SLS technique; and 

Figs. 6A to 6E are schematic drawings of a TFT 
according to a second embodiment of the present 
invention. 

10 Reference will now be made in detail to the 

preferred embodiment of the present invention, an example 
of which is illustrated in the accompanying drawings. 

Fig. 2A to Fig. 2E are schematic drawings for 
explaining a method for fabricating a TFT according to a 

15 first embodiment of the present invention. Referring to 
Fig. 2A, a source electrode 21S and a drain electrode 21D 
are formed on a insulating substrate 200. An amorphous 
silicon layer 22 is then deposited on the exposed surface 
of the substrate comprising the source electrode 21S and 

20 the drain electrode 21D. Herein, the amorphous silicon 
layer 22 has steps and sloping surfaces, since the 
amorphous silicon layer covers the protruding source and 
drain electrodes 21S and 21D. 

Referring to Fig. 2B, the amorphous silicon layer 22 

25 is crystallized into a polycrystalline silicon layer 23 
by using a sequential lateral solidification (SLS) 
technique. Herein, polycrystalline silicon layer has 
long columnar silicon grains. 

SLS technique uses a phenomenon whereby the grain 

30 boundaries in directionally solidified materials tend to 
form so as to always be approximately perpendicular to 
the melt interface. The SLS technique enables the 
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conversion of as-deposited amorphous or polycrystalline 
silicon films to a directionally solidified 
microstructure consisting of long, columnar grains 
(Robert S. Sposilli, m. A. Crowder, and James S. Im> Mat. 
5 Res. Soc. Symp. Proc. Vol. 452, 956-957, 1997) . 
Referring to Fig. 3 to Fig. 5, the method for 
crystallizing the amorphous silicon layer into the 
polycrystalline silicon layer by SLS technique is 
described as follows. For convenience of describing such 
10 technique, three techniques of the SLS method are taken 
as examples. 

SLS is a technique that forms the silicon layer, by 
applying laser to an amorphous silicon layer. Here, the 
displacement of the laser beam is shorter than the length 
15 of lateral growth of the crystal. Consequently, silicon 
particles which are longer than 10 urn are formed on a 
glass substrate. The foregoing technique is disclosed in 
"Crystalline Si Films For Integrated Active Matrix 
Liquid-Crystal Displays,' 7 MRS Bulletin, Volume XXI, 
20 Number 3, March 1996, pp. 39-48. 

Moreover, the location, size, and shape of a crystal 
particle may be controlled by manipulating the shape of a 
slit through which a laser beam passes, which enables the 
formation of silicon particles that are larger than .an 
25 active area of a TFT. Thus, it is possible to fabricate 
a TFT of single crystalline silicon manufactured by 
forming an active area of the TFT as a single crystal 
particle. 

Fig. 3 is schematic drawings for explaining the 
io method for crystallizing the silicon film having large 
silicon grains according to a first example of the SLS 
technique. A plurality of the selected regions, 
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preferably chevron-shaped and having a round apex, of the 
film are irradiated at an energy density sufficient to 
induce complete melting. Subsequently, lateral grain 
growth proceeds from the unmelted regions adjacent to the 

5 narrow strip to the fully-melted regions. The grain 

boundaries in directionally solidified materials tend to 
form so as to always be approximately perpendicular to 
the melt interface. Here, the grains formed at the apex 
of the chevron experience lateral growth not only in the 

10 translation direction, but also transverse to it, due to 
the fact that grain boundaries form roughly perpendicular 
to the melt interface. Thus, the negative curvature of 
the molten zone at the apex of the chevron leads to 
widening of the grain, such that a single crystal silicon 

15 grain region is induced. 

The film is translated relative to the beam image 
over a distance less than the single-pulse lateral growth 
distance, such as approximately one-half of the single- 
pulse lateral growth distance, and irradiated again. 

20 Lateral growth recommences from the edges of the 

completely molten region, one of which is located within 
the grains grown during the previous irradiation step. 
The length of the grains is increased beyond the single- 
pulse lateral growth distance. Here, the grain formed at 

25 the apex of the chevron, a single crystal silicon region, 
widen. The above-cited process, irradiating and 
solidifying, can be repeated indefinitely, leading to 
grains of any desired length. The final structure 
obtained in this fashion is shown in Fig. 3. The grain 

30 formed at the apex of the chevron, a single crystal 
silicon region, widen dramatically. 

Fig. 4 is schematic drawing for explaining the 



method for crystallizing the silicon film having large 
silicon grains according to a second example of the SLS 
technique. A plurality of the selected narrow regions 
having a directionally straight shape of the film in a 
row are irradiated at an energy density sufficient to 
induce complete melting. Subsequently, lateral grain 
growth having columnar direction proceeds from the 
unmelted regions adjacent to the narrow strips to the 
fully- melted regions. The grain boundaries in 
directionally solidified materials tend to form so as to 
always be approximately perpendicular to the melt 
interface. And the film is translated relative to the 
beam image over a distance less than the single-pulse 
lateral growth distance, and irradiated again. Lateral 
growth recommences from the edges of the completely 
molten region, one of which is located within the grains 
grown during the previous irradiation step. The length 
of the grains is increased beyond the single-pulse 
lateral growth distance. And, the above cited process, 
irradiating and solidifying, can be repeated 
indefinitely, leading to grains of any desired length. 

Then, a plurality of the columnar directional 
selected straight regions of the crystallized silicon 
film having columnar grains are irradiated. Herein the 
columnar direction is perpendicular to the row direction. 
Subsequently, lateral grain growth proceeds in the row 
direction from the unmelted regions adjacent to the 
narrow strips to the fully-melted regions, by using one 
of the first direction columnar grains as seed for grain 
growth. The grain boundaries in directionally solidified 
materials tend to form so as to always be approximately 
perpendicular to the melt interface. And, the above 




10 

cited process, irradiating and solidifying, can be 
repeated indefinitely, leading to grains of any desired 
length- As the lateral grain growth in row direction 
proceeds, the seed grain grows more and more- A 

5 plurality of the seed grain grows dramatically to form a 
plurality of the single crystalline region G as the 
result of the crystallization. Thereby, crystallized 
silicon film having very large size of the single 
crystalline regions could be formed on the glass 

10 substrate. 

Fig. 5 is a schematic drawing for explaining the 
method for crystallizing the silicon film having large 
silicon grains according to a third example of the SLS 
technique. A portion, except a plurality of selected dot 

15 regions, is first irradiated at an energy density 

sufficient to induce complete melting. The amorphous 
film is translated relative to the laser beam in a first 
direction over a distance less than one pulse* lateral 
grain growth for second irradiating. While the film is 

20 translating, the unmelted dot region of the amorphous 
silicon is used as seeds and grows into the fully-melted 
regions. The grain boundaries in directionally 
solidified materials tend to form so as to always be 
approximately perpendicular to the melted interface. In 

25 addition, portion, except a plurality of selected dot 
regions, is second irradiated at an energy density 
sufficient to induce complete melting. Herein the dot 
region is located in the crystallized silicon region. 
The dot region which is not irradiated remains a 

30 solid state of the polycrystalline silicon and has a 

limited number of silicon grains. The amorphous film is. 
translated relative to the laser beam in a second 
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direction over a distance less than one pulse lateral 
grain growth for third irradiating. While the amorphous 
film is being translated, the unmelted dot region of the 
polycrystalline silicon having three grains is used as 
seed and grows into the fully-melted regions. A portion, 
except a plurality of the selected dot regions, is 
irradiated for a third time at an energy density 
sufficient to induce complete melting. Herein the dot 
region is located in the crystallized silicon region. The 
dot region which is not irradiated remains a solid state 
of the polycrystalline silicon and has fewer silicon 
grains than the previous step. Accordingly, as the above 
process is further carried out, the number of grains in 
dot region is reduced. Finally, only a single grain 
remains in the dot region when the appropriate number of 
above process is carried out. 

The size of the single crystalline silicon region is 
the same as the lateral grain growth. The length of the 
lateral grain growth depends on the thickness of the film 
and the temperature of the film. Accordingly, the size 
of the single crystalline silicon region could be 
controlled according to the thickness and the temperature 
of the film. When the distance between the dots is 
smaller than the length of the lateral grain growth, the. 
polycrystalline silicon film has a plurality of the 
single crystalline silicon region with grain boundary 
which is at the interface of the silicon grain and the 
adjacent silicon grains. 

Referring to Fig. 2B, the amorphous silicon layer 22 
is crystallized by the SLS technique as described above. 
A crystallized silicon thin film 23 having a dramatically 
large first silicon grain 23-1, a second silicon grain 
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23-2 and a third silicon grain 23-3 are shown in Fig 2B. 
Herein, the shape and translation distance of the laser 
beam must be controlled so that the boundaries of the 
grain to the grain is preferably not located in an active 

5 layer of TFT which will be formed. 

The laser beam is applied non-vertically to the 
sloping surface while the laser beam is applied 
vertically to the flat surface. Although the sloping 
surface and the flat surface of the amorphous silicon 

10 layer are irradiated with laser beam having same laser 
energy density, the absorbed energy density of the 
sloping surface may be lower or higher than that of the 
flat surface. According, it is necessary to use a laser 
beam having the energy density so as to melt the sloping 

15 surface as well as the flat surface of the amorphous 

silicon layer. For example, when the sloping surface of 
the amorphous silicon layer could be melted with laser 
beam having a first energy density or more and the flat 
surface of the amorphous silicon layer could be melted 

20 with laser beam having a second energy density or more, 
it is necessary to use laser beam having the higher 
energy density of the two energy densities, the first 
energy density and the second energy density, so as to 
melt the sloping surface as well as the flat surface of 

25 the amorphous silicon layer. 

The necessary laser energy density is in proportion, 
to the angle of the inclination of the amorphous silicon 
surface. The present embodiment is effectively applied 
to the case in which the silicon layer having sloping 

30 portions with 45 degrees or less of the inclination angle 
is formed. 

Referring to Fig. 2C, the crystallized silicon thin 
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film is etched by photolithography to form ah active 
layer 24. Since the first silicon grain, the second 
silicon grain and the third silicon grain are 
dramatically large, the active layer is formed within one 
single silicon grain, particularly in the second silicon 
grain 23-2. Accordingly, a single crystalline silicon 
TFT could be fabricated on the insulating substrate, such 
as a glass substrate. 

Referring to Fig. 2D, a gate insulating interlayer 
25 and a gate electrode 26 are formed on the active 
layer. Then, a source region 24S and a drain region 24D 
are formed in the active layer by doping impurities in 
the exposed portions of the active layer. The channel 
region 24C is formed between the source region and the 
drain region. 

Referring to Fig. 2E, a passivation layer 27 is 
deposited on the exposed surface of the substrate and is 
etched selectively to expose a portion of the drain 
electrode 21D. And a pixel electrode 28 is formed 
connecting the exposed portion of the drain electrode on 
the passivation layer. 

Fig. 6A to Fig. 6D are schematic drawings for 
explaining a method for fabricating a TFT according to a 
second embodiment of the present invention. 

Referring to Fig. 6A, a gate electrode 61 is formed 
on a insulating substrate 600. And a gate insulating 
interlayer 62 is deposited on the exposed surface of the 
substrate comprising the gate electrode. Herein, the 
gate insulating interlayer 62 has steps and sloping . 
surfaces, since the gate insulating interlayer covers the 
protruding gate electrode 61. 

Referring to Fig. 6B, an amorphous silicon layer is 




14 

deposited on the exposed gate insulating interlayer and 
is crystallized into a polycrystalline silicon layer 63 
by an SLS technique described as the above. A 
crystallized silicon thin film 63 having a dramatically 

5 large first silicon grain 63-1, a second silicon grain 
63-2 and a third silicon grain 63-3 are shown in Fig 6B. 
Herein, the shape and translation distance of the laser 
beam must be controlled so that the boundaries of the 
grain to the grain are not located in an active layer of 

10 TFT which will be formed. 

As the above SLS technique proceeds, it is necessary 
to use a laser beam having the energy density sufficient 
so as to melt the sloping surface as well as the flat 
surface of the amorphous silicon layer. 

15 Referring to Fig. 6C, the crystallized silicon thin, 

film is etched by photolithography to form an active 
layer 63. Since the first silicon grain, the second 
silicon grain and the third silicon grain are 
dramatically large, the active layer 63 is formed in one 

20 single silicon grain. Accordingly, a single crystalline 
silicon TFT could be fabricated on the insulating 
substrate, such as a glass substrate. 

Referring to Fig. 6D, a source and a drain 
electrodes 65S and 65D connect the active layer 63 

25 electrically, thereby fabricating a stagger-type single 
crystalline silicon TFT on the substrate. Ohmic contact 
layers 64 could be formed in the interface of the active 
layer and the source and drain electrodes. And a 
passivation layer 66 is deposited on the exposed surface 

30 of the substrate and is etched selectively to expose a 
portion of the drain electrode 65D. And a pixel 
electrode 67 is formed connecting the exposed portion of 
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the drain electrode on the passivation layer. 

According to the embodiments, the polycrystalline 
silicon layer having large silicon grains could be 
formed on the substrate by SLS technique. The 
crystallized silicon layer is etched by photolithography 
to form the active layer of the TFT . Accordingly, co- 
planar or stagger-type single crystalline silicon TFT 
could be formed on the substrate by SLS technique. 

The embodiments enable one to fabricate a System On 
Panel (SOP) -type LCD, in which a pixel part, a driver, a 
controller and a CPU circuit is fabricated on the same 
substrate, whereby the fabrication process is simplified 
and the productivity is increased. Moreover, it is 
possible to fabricate a portable product of the LCD 
reduced in weight and size, since the space occupied by 
the controller and the CPU circuit is reduced. 

It will be apparent to those skilled in the art that 
various modifications and- variations can be made in a 
SOP-type liquid crystal display of the present 
embodiments without departing from the spirit or scope of 
the inventions. Thus, it is intended that the present 
invention will cover the modifications and variations of 
this invention provided they come within the scope of the 
appended claims and equivalents. 
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CLAIMS 

1. A method for fabricating a TFT. having an 
active layer, comprising: 

crystallizing an amorphous silicon layer having a 
sloping surface and a flat surface by SLS technique using 
a laser beam having sufficient energy density to 
substantially melt the sloping surface and the flat 
surface of the amorphous silicon layer to form a 
crystallized silicon layer; and 

forming the active layer by selectively etching the 
crystallized silicon layer. 

2. The method according to claim 1, wherein the 
TFT is a stagger type TFT. 

3. The method according to claim 1, wherein the 
TFT is an inverted stagger type TFT. 

4. The method according to any of claims 1 to 3, 
wherein the energy density of the laser beam required to 
substantially melt the sloping surface is higher than 
that of the flat surface and the amorphous silicon layer 
is irradiated with the energy density required to 
substantially melt the sloping surface. 

5. The method according to any of claims 1 to 4, 
wherein the energy density of the laser beam required to 
substantially melt the sloping surface is proportional t< 
the angle of the sloping surface with respect to the fla 
surface. 
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6. The method according to any of claims 1 to 5> 
wherein the sloping surface is about 4 5 degrees or less 
with respect to the flat surface. 

7. The method according to any of claims 1 to 6, 
wherein the laser beam requires first energy density to 
substantially melt the sloping surface and second energy 
density to substantially melt the flat surface of the 
amorphous silicon, and wherein the amorphous silicon 
layer is irradiated with the laser beam having the first 
energy density. 

8. A method for fabricating a TFT, comprising: 
forming source and drain electrodes on a substrate; 
depositing an amorphous silicon layer on the exposed 

portion of the substrate having the source and the drain 
electrodes, the amorphous silicon layer forming at least 
one sloping surface and one flat surface; 

crystallizing the amorphous silicon layer with a 
laser beam by using SLS technique, the laser beam having 
sufficient energy density to substantially melt the 
sloping surface and the flat surface of the amorphous 
silicon layer, wherein the sloping surface is generated 
from the amorphous silicon layer covering at least one of 
the protruding source and the drain electrodes; 

forming an active layer by etching the crystallized 
silicon layer through photolithography; 

forming a gate electrode and a gate insulating layer 
on the active layer; and 

forming source and drain regions in the active layer 
by doping impurities selectively in the exposed portion 
of the active layer. 
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9. The method according to claim 8, wherein the 
laser beam requires first energy density to 
substantially melt the sloping surface and second energy 

density to substantially melt the flat surface of the 
amorphous silicon, and wherein the amorphous silicon 
layer is irradiated with the laser beam having the first 
energy density. 

10. The method according to claim 8 or 9, wherein 
the energy density of the laser beam required to 
substantially melt the sloping surface is proportional to 
the angle of the sloping surface with respect to the flat 
surface . 

11. The method according to any of claims 8 to. 10, 
wherein the sloping surface is about 45 degrees or less 
with respect to the flat surface. 

12. A method for fabricating a TFT, comprising: 
forming a gate electrode on a substrate; 
forming a gate insulating layer on the exposed 

portion of the substrate comprising the gate electrode; 

depositing an amorphous silicon layer on the exposed 
portion of the gate insulating layer, the amorphous 
silicon layer forming at least one sloping surface and 
one flat surface; 

crystallizing the amorphous silicon layer with a 
laser beam by using SLS technique, the laser beam having 
sufficient energy density to substantially melt the 
sloping surface and the flat surface of the amorphous 
silicon layer; 

forming an active layer by etching the crystallized 
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silicon layer through photolithography; and 

forming source and drain electrodes on the active 
layer. 

13. The method according to claim 12, wherein the 
sloping surface is generated from the amorphous silicon 
layer covering the protruding gate electrode. 

14. The method according to claim 12 or 13, wherein 
the laser beam requires first energy density to 
substantially melt the sloping surface and second energy 
density to substantially melt the flat surface of the 
amorphous silicon, and wherein the amorphous silicon 
layer is irradiated with the laser beam having the first 
energy density. 

15. The method according to any of claims 12 to 14, 
wherein the energy. density of the laser beam required to 
substantially melt the sloping surface is proportional to 
the angle of the sloping surface with respect to the flat 
surface. 

16. The method according to any of claims 12 to 15, 
wherein the sloping surface is about 45 degrees or less 
with respect to the flat surface. 

17. a method of fabricating a TFT as substantially 
hereinbefore described with reference to and/or 
substantially as illustrated in any one of or any 
combination of Figs. 2A to 6E of the accompanying 
drawings. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

[0001] This Invention relates to a system for the formation of a silicon thin film and a good-quality semiconductor- 
insulating film interface. Such silicon thin films are used for crystalline silicon thin film transistors, and such semicon- 
ductor-Insulating film interfaces are employed for field effect transistors. The invention also relates to a semiconductor 
w thin film forming system by the pulsed laser exposure method. Such semiconductors include, for example, silicon ger- 
manium (SiGe), silicon carbide (SiC), and other silicon compounds, and GaAs, GaN, CulnSe 2 , ZeSe, and other com- 
pound semiconductors. In addition, the invention relates to a system for the manufacture of driving elements or driving 
circuits composed of the semiconductor thin films or field effect thin film transistors for displays and sensors, for exam- 
ple. 

15 

2. Description of the Related Art 

[0002] Typical processes for the formation of a thin film transistor (TFT) on a glass substrate are a hydrogenated 
amorphous silicon TFT process and a polycrystalline silicon TFT process. In the former process, the maximum temper- 

20 ature in a manufacture process is about 300°C, and the carrier mobility is about .1 cm 2 Afeec. Such a hydrogenated 
amorphous silicon TFT formed by the former process is used as a switching transistor of each pixel in an active matrix 
(AM) liquid crystal display (LCD) and is driven by a driver integrated circuit (IC, an LSI formed on a single crystal silicon 
substrate) arranged on the periphery of a screen. Each of the pixels of this system includes an individual switching ele- 
ment TFT, and this system can yield a better Image quality with a less crosstalk than a passive matrix LCD. In such a 

25 passive matrix LCD, an electric signal for driving the liquid crystal is supplied from a peripheral driver circuit. In contrast, 
the latter polycrystalline silicon TFT process can yield a carrier mobility of 30 to 1 00 cm 2 A/sec by, for example, employ- 
ing a quartz substrate and performing a process at high temperature of about 1000°C as in the manufacture of LSIs. 
For example, when this process is applied to a liquid crystal display manufacture, such a high carrier mobility can yield 
a peripheral driver circuit on the same glass substrate concurrently with the formation of pixel TFTs for driving individual 

30 pixels. This process is therefore advantageous to minimize manufacture process costs and to downsize the resulting 
products. If the product should be miniaturized and should have a higher definition, the connection pitch between an. 
AM-LCD substrate and a peripheral driver integrated circuit must be decreased. A conventional tab connection method 
or wire bonding method cannot significantly provide such a decreased connection pitch. However, if a process at high 
temperatures as in the above case Is employed in the polycrystalline silicon TFT process, low softening point glasses 

35 cannot be employed. Such low softening point glasses can be employed in the hydrogenated amorphous silicon TFT 
process and are available at low costs. The process temperature in the polycrystalline silicon TFT process should be 
therefore decreased, and techniques for the formation of polycrystalline silicon films at low temperatures have been 
developed by utilizing a laser-Induced crystallization technique. 

[0003] Such a laser-induced crystallization is generally performed by a pulse laser irradiator having a configuration 
40 shown in Fig. 1 . A laser light supplied from a pulse laser source 1 1 01 reaches a silicon thin film 1 1 07, a work, on a glass 
substrate 1 1 08 via an optical path 1 1 06. The optical path 1 1 06 is specified by a group of optic devices including mirrors 
1 1 02, 1 1 03, and 1 1 05, and a beam homogenizer 1 1 04. The beam homogenizer 1 1 04 is arranged to unlformize spatial 
intensities of laser beams. Generally, the glass substrate on an X-Y stage 1 1 09 is moved to irradiate an optional position 
on the substrate with a laser beam. The laser irradiation can be also performed by moving the optic device group or 
45 moving the optic device group and the stage In combination. 

[0004] For example, J. Im and R. Sposili describe that a substrate is mounted on an X-stage, and a homogenizer 
is mounted on a Y-stage in Fig. 6 of "Crystalline Si films for integrated active-matrix-liquid-crystal displays", Materials 
Research Society Bulletin, vol. 21 , (1 996), 39 (Reference 1 ). 

[0005] Laser Irradiation is also performed in vacuo or In a high purity gaseous atmosphere. Where necessary, the 
so system has a cassette 1110 and a substrate traveling mechanism 1111. The cassette 1110 houses glass substrates 
each with a silicon thin film, and the substrate traveling mechanism 1111 serves to move the substrate between the cas- 
sette and the stage to house the substrate In the cassette or to mount the substrate on the stage. 
[0006] Japanese Patent Publication (JP-B) No. 7-1 1 8443 discloses a technique of irradiating an amorphous silicon 
thin film on an amorphous substrate with a short wavelength pulse laser light. This technique can crystallize amorphous 
55 silicon while keeping the overall substrate from high temperatures, and can produce semiconductor elements or semi- 
conductor integrated circuits on large substrates available at low costs. Such large substrates are required In liquid 
crystal displays, and such substrate available at low costs may be glasses, for example. However, as is described in the 
above publication, the crystallization of an amorphous silicon thin film by action of a short wavelength laser light 
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requires an irradiation intensity of about 50 to 500 mJ/cm 2 . However, the maximum emission output of a conventionally 
available pulse laser irradiator is at most about 1 J/pulse, and an area to be irradiated by a single irradiation is at most 
about 2 to 20 cm 2 , by a simple conversion. For example, if the overall of a 47 cm x 37 cm substrate should be crystal- 
lized by action of laser, at least 87 to 870 points of the substrate must be Irradiated with laser light Likewise, the number 
5 of points to be irradiated with laser light increases with an increasing size of the substrate, for example, as in a 1 m x 1 
m substrate. Such a laser-induced crystallization is generally performed by a pulse laser irradiator having a configura- 
tion shown in Fig. 1. 

[0007] To form uniform thin film semiconductor elements on a large substrate by the above technique, an effective 
process is known as disclosed in Japanese Unexamined Patent Publication (JP-A) No. 5-211167 (Japanese Patent 

10 Application No. 3-315863). The process includes the steps of dividing the elements to portions smaller than the beam 
size of the laser and repeating a combination of Irradiation with several pulses and movement of the area to be irradi- 
ated by step-and-repeat drawing method. In the process, the laslng and the movement of a stage (i.e., the movement 
of a substrate or laser beam) are alternatively performed, as shown in Fig. 2B. However, even according to this process, 
the variation of iasing Intensity exceeds ±5% to ±10% when the irradiation procedure is repeated at a density of about 

15 1 pulse per Irradiated portion to 20 pulses per Irradiated portion using a currently available pulse laser Irradiator with a 
uniformity of Iasing intensity of ±5% to ±10% (in continuous Iasing). The resulting polycrystalllne silicon thin film and 
polycrystalllne silicon thin film transistor cannot therefore have satisfactorily uniform characteristics. Particularly, the 
generation of strong or weak light caused by an unstable discharge at early stages of laslng significantly invites such 
heterogeneous characteristics. This phenomenon is called spiking. As a possible solution to spiking, a process of con- 

20 trolling an applied voltage in a subsequent Iasing with reference to the results of integrated strengths can be employed. 
However; according to this process, weak light Is rather oscillated even though the formation of spiking is inhibited. Spe- 
cifically, when irradiation periods and non-lasing periods alternatively succeed, the intensity of a first irradiated pulse In 
each Irradiation period is most unstable and is varied, as shown In Fig. 3. In addition, the history of irradiation Intensity 
differs from point to point to be irradiated. The resulting transistor element and thin film integrated circuit cannot have a 

25 significant uniformity in the substrate plane. 

[0008] To avoid such spiking, a process is known to start Iasing prior to the initiation of irradiation to an area for the 
formation of element, as shown in Fig. 2A. However, this technique cannot be applied to a process of intermittently 
repeating the iasing and the movement of stage. To avoid these problems, a process Is proposed In Japanese Unex- 
amined Patent Publication (JP-A) No. 5-90191. The process includes the steps of allowing a pulse laser source to con- 

30 tlnuously oscillate and inhibiting irradiation of a substrate with the laser light by an optic shielding system during the 
movement of the stage. Specifically, as shown in Fig. 2C, a laser is continuously oscillated at a predetermined fre- 
quency, and the movement of stage to a target irradiation position is brought into synchronism with the shielding of an 
optic path. By this configuration, a laser beam with stable intensity can be applied to a target Irradiation position. How- 
ever, although this process can stably irradiate the substrate with a laser beam, the process also yields increased 

35 excess laslng that does not serve to the formation of a polycrystalllne silicon thin film. The productivity is decreased 
from the viewpoint of the life of an expensive laser source and excited gas, and the production efficiency of the poly- 
crystalline silicon thin film is deteriorated with respect to power required for laslng. The production costs are therefore 
increased. When a substrate to be exposed to laser Is irradiated with an excessively strong light as compared with tar- 
get intensity, the substrate will be damaged. Such an excessively strong light Is induced by an irregular irradiation inten- 

40 sity. In LCDs and other imaging devices, light passing through the substrate scatters in an area where the substrate is 
damaged, and the quality of image is deteriorated. 

[0009] A Process for reducing and projecting a pattern on a photo mask onto a silicone thin film is disclosed by R. 
Sposili and J. Im In "Sequential lateral solidification of thin silicon films on Si0 2 H , Applied Physics Letters, vol. 69 (1996), 
2864 (Reference 2), and by J. Im, R. Sposili, and M. Crowder In "Single-crystal Si films for thin film transistor devices", 

45 Applied Physic Letters, vol. 70, (1 997), 3434 (Reference 3). The process disclosed in these publications performs appr. 
a 1 :5 reduction projection alignment using a 308-nm excimer laser, a variable-energy attenuator, a variable-focus field 
lens, a patterned-mask, a two-element imaging lens, and a sub-micrometer-precision translation stage. By this config- 
uration, the process attains a beam size and a travel pitch of a substrate stage, both of the order of micrometers. How- 
ever, a laser beam applied onto the photo mask has a spatial intensity profile depending on the light source, and when 

so the process is applied to the processing of a large substrate as mentioned above, the strength of a patterned light pass- 
ing through the center of the mask and that passing through the periphery of the mask critically differ from each other. 
Accordingly, a crystalline silicon thin film having a desired uniformity cannot be significantly obtained. In addition, as an 
ultraviolet radiation with a short wavelength is reduced and projected, the focal depth of the beam is small and the irra- 
diation depth Is liable to shift due to warp or deformation of the substrate. With an increasing area of the substrate, the 

55 mechanical precision of the stage cannot be significantly ensured, and a little tilt of the stage or a displacement of the 
substrate on the stage disturb a target laser irradiation. 

[0010] A process Is known for the laser irradiation. In this process, a plurality of pulses are applied while the irradi- 
ation of each pulse is retarded. This process is disclosed by Ryoichi Ishihara et al. In "Effects of light pulse duration on 
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excimer laser crystallization characteristics of silicon thin films", Japanese Journal of Applied Physics, vol. 34, No. 4A, 
(1995), pp 1759 (Reference 4). According to this reference, the crystallization solidification rate of a molten silicon In a 
Iriser recrystalllzation process is 1 m/sec or more. To achieve a satisfactory growth of crystals, the solidification rate 
must be reduced. By applying a second laser pulse immediately after the completion of solidification, the second Irra- 

5 diation of laser pulse can yield a recrystalllzation process with a less solidification rate. In viewing a temperature change 
(a time-hysteresis curve) of silicon as shown in Fig. 4, the temperature of silicon increases with the irradiation of laser 
energy, for example, as a pulse with an intensity shown in Fig. 5. When a starting material is an amorphous silicon (a- 
Si), the temperature further Increases after the melting point of a-SI, and when the supplied energy becomes less than 
the energy required for Increasing the temperature, the material begins to undergo cooling. At the solidifying point of a 

w crystalline SI, the solidification proceeds for a solidification time and then completes, and the material is cooled to 
atmospheric temperature. Provided that the solidification of silicon proceeds In a thickness direction from an interface 
between silicon and the substrate, an average solidification rate Is calculated according to the following equation. 

Average solidification rate = (Thickness of sllicon)/(Solidification time) 

15 

[001 1 ] Specifically, If the thickness of silicon is constant, the solidification time is effectively prolonged to reduce the 
solidification rate. If the process maintains ideal conditions on thermal equilibrium, the solidification time can be pro- 
longed by increasing an ideally supplied energy, i.e., a laser irradiation energy. However, as pointed out in the above 
reference, such increased irradiation energy invites the resulting film to become amorphous or microcrystalline. In an 

20 actual melting and recrystalllzation process, the temperature does not change in an ideal manner as shown in Fig. 4, 
and the material undergoes overheating when heated and undergoes supercooling when cooled, and attains a stable 
condition. Particularly, when the cooling rate in cooling procedure is extremely large and the material undergoes ah 
excessive supercooling, the material is not crystallized at around its solidification point, and becomes an amorphous 
solid due to quenching and rapid solidification. Under some conditions, thin films are converted not into amorphous but 

25 into microcrystals, as shown in the above Reference 4. Such a microcrystalline thin film has an extremely small grain 
size as compared with a polycrystalline thin film or a single-crystal thin film. Thus, the microcrystalline thin film includes 
a multitude of grain boundaries each having a large grain boundary potential. If the thin film is applied to, for example, 
a thin film transistor, the resulting thin film transistor will have a decreased ON-state current or an increased OFF-state 
leak current. 

30 [0012] Separately, processes are known, which include a step for the formation of a-Si thin film as a material to be 
irradiated with laser, a step for irradiating the thin film with a laser, a step for hydrogenation with plasma, and a step for 
the formation of a gate insulating film, In this order or in a modified order, while the material thin film is kept from expo- 
sure to the air. These processes are disclosed in the following publications. 

[0013] Japanese Unexamined Patent Publication No. 5-1 82923 discloses a technique of subjecting an amorphous . 
35 semiconductor thin film to a heat treatment and Irradiating the treated thin film with a laser beam while keeping the thin 
film from exposure to the air. 

[0014] Japanese Unexamined Patent Publication No. 7-99321 discloses a technique of moving a substrate having 
a laser-Induced crystallized polycrystalline silicon thin film to a plasma-enhanced hydrogenation step and a formation 
step of a gate insulating film while keeping the substrate from exposure to the air. 
40 [0015] Japanese Unexamined Patent Publication No. 9-791 1 discloses a technique of moving a substrate having a 
laser-induced crystallized polycrystalline silicon thin film to a formation step of a gate insulating film while keeping the 
substrate from exposure to the air. 

[0016] Japanese Unexamined Patent Publication No. 9-1 7729 discloses a technique of moving a substrate having 
a laser-induced crystallized polycrystalline silicon thin film to a formation step of a gate insulating film while keeping the 
45 substrate from exposure to the air. By this configuration, the surface of the polycrystalline silicon is kept from adhesion 
of impurities. 

[0017] Japanese Unexamined Patent Publication No. 9-148246 discloses a technique of sequentially performing 
the formation of an amorphous silicon thin film, laser-induced crystallization, hydrogenation, and the formation of a gate 
insulating film, without exposing the work to air. 
so [0018] Japanese Unexamined Patent Publication No. 1 0-1 1 6989 discloses a technique of sequentially performing 
the formation of an amorphous silicon thin film, laser-Induced crystallization, hydrogenation, and the formation of a gate 
insulating film, without exposing the work to air. 

[0019] Japanese Unexamined Patent Publication No. 10-149984 discloses a technique of sequentially performing 
the formation of an amorphous silicon thin film, laser-induced crystallization, hydrogenation, and the formation of a gate 
55 insulating film, without exposing the work to air. 

[0020] Japanese Unexamined Patent Publication No. 11-17185 discloses a technique of sequentially performing , 
the formation of an amorphous silicon thin film, laser-induced crystallization, the formation of a gate insulating film, and 
the formation of a gate electrode, without exposing the work to air. 
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[0021] These concepts and techniques have been proposed to solve the following problems. Specifically, the sur- 
face of silicon formed by laser-Induced crystallization is very active, and when the surface is exposed to air, impurities 
are liable to adhere to the surface. Deteriorated or dispersed characteristics of the resulting TFT may therefore result. 
[0022] Accordingly, the present inventors compared the performance of an excimer iaser-induced crystallization 

5 process and a silicon oxide film formation process In the same system (including transfer of the substrate to another 
system without exposing the substrate to the air) and with the film once exposed to the air. The results of. this experi- 
ment revealed that the former technique can inhibit adhesion of dusts and particles and therefore greatly effectively 
improves yields of products. However, by increasing levels of cleanliness of clean room surroundings, equivalent advan- 
tages as above can be obtained to some extent. To improve the yields, a system Including a film forming system and a 

10 cleaning mechanism of the substrate in the same system Is most effective. This is because particles adhere to the sub- 
strate during film-formation under some conditions in an a-SI film forming step, and the film must be exposed to air to 
thereby be cleaned outside the system. 

[0023] In contrast, differences in production processes do not significantly affect the performances of thin film tran- 
sistors. The reasons for this may be supposed as follows. For example, K. Yuda et al. disclose a fixed oxide film charge 

is density (JO 11 to 10 12 cm" 2 ) of a silicon oxide film and an interface state density (6x10 10 cm' 2 eV 2 or less) between a 
silicon substrate and the silicon oxide film in "Improvement of structural and electrical properties in low-temperature 
gate-oxides for poly-Si TFTs by controlling O^Sify ratios", Digest of Technical Papers 1 997 International Workshop on 
Active Matrix Liquid Crystal Displays, September 11-12, 1997, Kogakuin Univ., Tokyo, Japan, 87 (Reference 5). The 
above silicon oxide film is formed at a temperature of about 300°C to 350°C with plasma or formed through a heat treat- 

20 ment at about 600°C. The silicon substrate is generally subjected to an "RCA cleaning", is washed with water and is 
then introduced into a film forming system. In the RCA cleaning, the substrate is cleaned with an acidic solution, where 
necessary heated, such as a sulfuric acid-hydrogen peroxide mixture, a hydrochloric acid-hydrogen peroxide-water 
mixture, an ammonia-hydrogen peroxide-water mixture, or a hydrofluoric acid-water mixture. The aforementioned inter- 
face state density Is obtained from a sample of a single-crystal silicon substrate that is exposed to air after the formation 

25 of a clean surface (cleaning) and Is then moved to the film-formation step. 

[0024] Focussing attention to a trap state density of the laser-Induced crystallized silicon film, H. Tanabe et al. dis- 
close a trap state density of a crystallized silicon of 10 12 to 10 13 cm" 2 In thin film transistors with laser-induced crystal- 
lized silicon films, In "Excimer laser crystallization of amorphous silicon films", NEC Research and Development, vol. 
35, (1994), 254 (Reference 6). These transistors exhibit satisfactory properties of a field effect mobility of 40 to 140 

30 cm 2 /Vsec. 

[0025] The trap state density of the silicon film is significantly larger than the interface state density (or fixed oxide 
film charge density) of the silicon film. Specifically, to obtain satisfactorily advantages of a clean surface of a sample that 
Is obtained by forming a silicon film and a gate Insulating film in the same system without exposing the substrate to air, 
the performance (the trap state density) of the silicon film is still insufficient. 

35 [0026] As a means for reducing damage by plasma and forming a gate insulating film of good quality, a remote 
plasma-enhanced chemical vapor deposition (CVD) process has been proposed. For example, Japanese Unexamined 
Patent Publication (JP-A) No. 5-21393 discloses a configuration in Which a plasma generating chamber Is separated 
from a substrate processing chamber. This configuration Is supposed to attain such a low fixed oxide film charge density 
of 10 11 to 10 12 cm* 2 and a low interface state density of 6 x 10 10 cm" 2 e\A 2 or less as mentioned above. However, this 

40 advantage Is restricted by the performance, of a silicon film which is previously formed. 

SUMMARY OF THE INVENTION 

[0027] Accordingly, an object of the invention is to provide a process for forming a semiconductor thin film with a 
45 smaller trap state density by light irradiation and to provide a process and system for applying the above process to 
large substrates with a high reproducibility. 

[0028] Another object of the invention is to provide a means for forming a satisfactory gate insulating film on the 
semiconductor thin film of good quality and to provide a system for producing a field effect transistor having a satisfac- 
tory semiconductor-Insulating film interface, i.e., satisfactory properties. 

50 

(1) The invention provides, in a first aspect, a semiconductor thin film forming system for modifying a predetermined 
region of a semiconductor thin film by exposing the semiconductor thin film to a projected light patterned through 
plural patterns formed on a photo mask. The system includes a mechanism for uniformizing the light to be applied 
in such a manner that the intensity of the light in a predetermined area on the photo mask distributes within a range 
55 . of ±1 1 .2% of the average intensity of the light in the area According to the configuration, the exposure light Is unl- 
formlzed to a spatial uniformity of about ±1 1 .2% or less with, for example, a beam homogenlzer and Is then applied 
onto the photo mask. At least the spatial distribution of peak intensity of the light projected and applied on the sem- 
iconductor thin film is unlformized to an Identical extent with that of the intensity distribution on the photo mask. As 
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a result, the overall exposed regions of the semiconductor thin film can be modified by laser Irradiation In a desired 
manner. 

(2) In a second aspect, the Invention provides a semiconductor thin film forming a system for modifying a predeter- 
mined region of a semiconductor thin film by exposing the semiconductor thin film to a projected light patterned 
through an exposure pattern formed on a photo mask, and the semiconductor thin film is formed on a substrate 
held on a substrate stage. The system includes a mechanism for sequentially scanning the semiconductor thin film 
with the patterned light by individually or concurrently driving the photo mask and the substrate stage. When an 
area on the substrate projected and irradiated with the light through the photo mask has a size smaller than that of 
substrate, the substrate Is moved to an irradiation area by action of the substrate stage. A mask stage is moved 
with response to the irradiation of a laser beam while the substrate is fixed, and target regions of the thin film can 
be sequentially exposed to light. 

(3) The Invention provides, in a third aspect, a semiconductor thin film forming system for modifying a predeter- 
mined region of a semiconductor thin film by exposing the semiconductor thin film to a projected light patterned, 
through an exposure pattern formed on a photo mask. The system Includes a focusing mechanism for obtaining the 
focus of the patterned light on the predetermined region of the semiconductor thin film when the semiconductor thin 
film is exposed to the projected patterned light. When the substrate is moved to an irradiated area by action of the 
substrate stage, the focus may be shifted and the focal position may differ between the center and the periphery of 
the substrate. The shift Is caused by warp, deformation of the substrate, variation of thickness, or variation of the 
degree of verticality of the substrate stage relative to the exposure axis. Even in this case, the above configuration 
can adjust the focus as the need arises, and can exposure ali over the substrate in a desired manner with a good 
reproducibility. 

(4) According to a fourth aspect, the invention provides a semiconductor thin film forming system for modifying a 
predetermined region of a semiconductor thin film by exposing the semiconductor thin film to a projected exposure 
beam patterned through a pattern formed on a photo mask. The system includes a tilt correcting mechanism (or a 
leveling mechanism) for correcting the tilt of the projected patterned beam relative to the semiconductor thin film. 
When the substrate is moved to an Irradiated area by action of the substrate stage, the focal axis may be shifted 
and differ between the center and the periphery of the substrate, this shift is caused by warp, deformation of the 
substrate, variation of thickness, or variation of the degree of verticality of the substrate stage relative to the expo- 
sure axis. Even in this case, the above configuration can correct the tilt or level of the substrate as the need arises, 
and can exposure all over the substrate in a desired manner with a good reproducibility. 

(5) The invention provides, in a fifth aspect, a semiconductor thin film forming system for modifying a predetermined 
region of a semiconductor thin film by exposing the semiconductor thin film to a projected exposure beam patterned 
through a pattern formed on a photo mask. The system includes an alignment mechanism (or an alignment func- 
tion) for aligning the patterned exposure beam relative to a mark formed on a substrate, on which the semiconduc- 
tor thin film is deposited. By specifying an exposure area with reference to the alignment mark previously formed, 
a semiconductor thin film can be exposed and modified in a target region under target exposure conditions. For 
example, a channel region of a transistor alone can be exposed and modified. Specifically, source-drain and chan- 
nel regions can be sequentially patterned and formed according to the modified regions in successive steps. 

(6) In a sixth aspect, the invention provides a semiconductor thin film forming system for modifying a predetermined 
region of a semiconductor thin film by exposing the semiconductor thin film to a projected light patterned through a 
pattern formed on a photo mask. The system includes a mechanism (or a function) for holding a substrate on a 
stage, the semiconductor thin film being deposited on the substrate. When an area on the substrate projected and 
irradiated with the light through the photo mask has a size smaller than that of substrate, the substrate is moved to 
an irradiated area by action of the substrate stage. A mask stage is moved according to the irradiation of a laser 
beam while the substrate is fixed, and target regions of the film are sequentially exposed to light. In this case, the 
substrate on the stage is displaced due to, for example, the movement of the substrate stage. Particularly when a 
rotation correction (6 correction) is required, corrections upon the dislocation of the substrate deteriorate the 
throughput, and the substrate must be fixed and held. When the substrate is heated on the stage, the substrate 
warps or bends due to heating, which causes shift of the focus or tilt of the substrate from the exposure axis. The 
above configuration can avoid these problems. 

(7) In a seventh aspect, the invention provides a semiconductor thin film forming system for modifying a predeter- 
mined region of a semiconductor thin film by exposing the semiconductor thin film to a projected exposure beam 
patterned through a pattern formed on a photo mask. The system includes a composing mechanism for composing 
a plurality of laser beams into the exposure beam. 

(8) In the system Just mentioned above, the plurality of laser beams is preferably first and second laser beams, and 
the composing mechanism preferably composes the first and second laser beams in such a manner that the sec- 
ond laser beam is applied onto the semiconductor thin film with a delay relative to the first laser beam. 

Fig. 6 shows the relationship of the maximum cooling rate (Cooling rate, K/sec) obtained by mathematical cal- 
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culation with the threshold Irradiation Intensity between crystallization and microcrystallizatlon. In this case, a 75- 
nm silicon thin film is Irradiated with an exclmer laser with a wavelength of 308 nm, and the threshold Is obtained 
by a scanning electron microscopic (SEM) observation of the silicon thin film after laser Irradiation. Fig. 5 shows an 
emission pulse shape of the laser used in the experiment. This pulse shape exhibits a long emission time 5 times 
5 or more that of a rectangular pulse with a pulse width of 21.4 nsec described In the Reference 6. Even a single 
pulse Irradiation with the pulse shape in question is therefore expected to reduce the solidification rate as described 
In the Reference 6. 

Fig. 7 shows a calculated temperature-time curve of silicon in laser recrystalllzation using the pulse shape in 
question. Specifically, Fig. 7 shows the temperature change of a silicon thin film 75 nm thick on a S10 2 substrate. 

10 when an XeCI laser having a wavelength of 308 nm is applied at an Irradiation intensity of 450 mJ/cm 2 . About 60 
nsec into, the Irradiation, a second emission peak nearly completes, and the temperature attains the maximum and 
then turns to decrease. In this connection, in the mathematical calculation, a meltlng-solidlflcation point of amor- 
phous silicon is employed as the melting-solidification point, and the behavior of the material round the solidification 
point differs from that in actual case. Particularly when a crystallized film is obtained, the crystallization completes 

is at the solidification point of the crystalline silicon. 

The curve has a large gradient upon the initiation of cooling, but has a very small gradient at about 100 nsec, 
I.e., at a third emission peak. At an elapsed time of 120 nsec, the light emission completely ceases, and the silicon 
is then solidified through another rapid cooling process. Generally, when a liquid is solidified through "quenching" 
which is greatly out of a thermal equilibrium process) a sufficiently long solidification time cannot be obtained to 

20 form a crystal structure, and the resulting solid Is amorphous (non-crystal). 

The maximum cooling rate was estimated from a temperature-time curve of silicon as shown In Fig. 7. Fig. .6 . 
shows the estimated maximum cooling rates after the completion of light emission with respect to Individual irradi- 
ation intensities. The figure shows that the cooling rate increases with an increasing irradiation intensity! 

Separately, the structure of the silicon thin film after laser irradiation was observed with a scanning electron 

25 microscope. As a result, the grain size once Increased with an increasing irradiation Intensity, but mlcrocrystalliza- 
tion was observed at a set irradiation intensity of about 470 mJ/cm 2 . When the film was irradiated with three laser 
pulses, the grain size markedly increased even at a set Irradiation intensity of about 470 mJ/cm 2 , while a microc- 
rystalllzed region partially remained (Fig. 8). This large Increase of the grain size differs from the behavior of the 
grain size in the one-pulse irradiation. In this connection, actual irradiation intensity is 5% to 10% higher than the 

30 set level, typically In initial several pulses of exclmer laser. The threshold intensity at which microcrystallizatlon 
occurs can be therefore estimated as about 500 mJ/cm 2 . 

Based on these results, the cooling rate at 500 mJ/cm 2 as shown in Fig. 6 is estimated, and microcrystailization 
is found to occur at a cooling rate of about 1.6x1 0 10o C/sec or more. When the film to be irradiated Is an a-SI film, 
the microcrystallizatlon occurs at an Irradiation intensity of about 500 mJ/cm 2 or more. Likewise, whenthe film to 

35 be Irradiated is a poly-Sl film, the microcrystailization may occur at an irradiation intensity about 30 mJ/cm 2 higher 
than that In the a-Si at the same cooling rate of about 1.6 x 10 10o C/sec. By controlling the cooling rate to 1.6 x 
10 10o C/sec or less, therefore, the resulting crystal can be kept from becoming microcrystalline or amorphous and 
can satisfactorily grow. 

Next, the case is explained where a delayed second laser light Is irradiated with a delay relative to a first laser 

40 light. As is described above, a laser light at a late light emission stage suppresses the increase of the cooling rate, 
and the cooling rate after the completion of light emission controls the crystallization. The last supplied energy is 
supposed to Initialize precedent cooling processes. Specifically, by supplying additional energy, a precedent cool- 
ing process is once initialized and a solidification process is repeated again, even if the crystal becomes amor- 
phous or microcrystalline in the precedent cooling process. This is probably because the Interval of light Irradiation 

45 Is very short of the order of nanoseconds, and loss of the energy by thermal conduction to the substrate and radi- 
ation to the atmosphere is small. The energy previously supplied therefore remains nearly as Intact. In this assump- 
tion, a long time Interval sufficient to dissipate heat Is not considered. Accordingly, by controlling the cooling rate 
after the completion of a second heatjng by the additionally supplied energy, the crystal is expected to grow satlsr 
factorily. As shown In Fig. 9, the cooling rate is controlled to a desired level by controlling the delay time of the sec- 

50 ond laser Irradiation. 

Next, the spatial Intensity distribution of an irradiated beam will be described below. In laser irradiation with plu- 
ral slits, the spatial distribution in a slit and the spatial intensity distribution between slits should be preferably con- 
stant. However, these Intensities vary plus or minus several percents to plus or minus twenty percents due to 
restriction of designing and production of such optic devices. At the worst, the intensities vary or distribute within a 

55 range of plus or minus several ten percents. Such a high variation is caused by the change of the excimer laser 
beam with time or consumption of the optical system, or adhesion of foreign substances to the optical system. Fig. 
10 shows the change of the average crystal grain size d obtained from a microscopic photograph as shown in Fig. 
8. The average crystal grain size d depends on the Irradiation intensity and the number N of irradiation times (the 
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number of irradiated pulses), and is expressed by the formula d = KN n , wherein K is a constant and n Is an incli- 
nation. Fig. 10 indicates that the inclination n of the grain size change with respect to the number N of Irradiation 
times changes on the border of an irradiation intensity of about 450 mJ/cm 2 When target production conditions are 
designed based on the irradiation intensity and the number N of Irradiation times per irradiated site, it is preferred 

5 not to concurrently employ a condition where n=1/4 and a condition where n=1/7, both In the spatial intensity dis- 
tribution. Even if the intensity spatially varies, irradiation of the film should be preferably performed in such a man- 
ner that the irradiation intensity falls in a range of, for example, 521 to 470 mJ/cm 2 (a range of ±5.2% of an average 
intensity of 495 mJ/cm 2 ) or of 424 to 339 mJ/cm 2 (a range of ±1 1 .2% of an average intensity of 381 .5 mJ/cm 2 ). By 
this configuration, a laser-crystallized SI thin film exhibiting a minimized difference in average grain size can be 

w obtained. 

(9) In an eighth aspect, the invention provides a semiconductor thin film forming system having a process chamber, 
and the process chamber serves to modify a predetermined region of a semiconductor thin film by exposing the 
semiconductor thin film on a substrate to a projected light patterned through a pattern formed on a photo mask. The 
system includes a mechanism for moving the substrate from the process chamber to a different process chamber 

15 without exposing the substrate to the atmosphere (or the air). 

(10) In the system just mentioned in (9), the different process chamber is preferably an insulating film forming 
chamber for the formation of an insulating film on the substrate. 

By forming a semiconductor film-gate Insulating film In the same system without exposing the film to air, the 
trap state density of the semiconductor thin film becomes equal to or less than the interface state density, and the 
20 film can be sufficiently maintained clean to thereby yield a satisfactory semiconductor-insulating film interface. 

(1 1) In the system according to the eighth aspect, the different process chamber may be preferably a semiconduc- 
tor film forming chamber for the formation of a semiconductor film on the substrate. 

(12) In the system according to the eighth aspect, the different process chamber may be preferably a heat treat- 
ment chamber for treating the substrate with heat. 

25 (13) Preferably, the different process chamber in the system according to the eighth aspect is a plasma treatment 
chamber for subjecting the substrate to a plasma treatment by treating the substrate with plasma. 

(14) in the system according to the eighth aspect, the process chamber is preferably a laser treatment chamber for 
modifying the predetermined region of the semiconductor thin film by exposing the semiconductor thin film on the 
substrate to a projected laser beam patterned through the pattern formed on the photo mask. The different process 

30 chamber is preferably another laser treatment chamber. 

By these configurations, the invention can provide high-performance and multi-functional systems for the for- 
mation of semiconductors, can provide processes for producing thin film transistors with a high reproducibility, and 
can provide high-performance thin film transistors. 

Specifically, the Invention can provide 1) a highly stable semiconductor thin film processing system by which a 
35 cleaning process with cleaning solutions can be eliminated, 2) a multifunctional system by which a multitude of 
processes can be performed in the same system to yield a space-saving semiconductor processing system with a 
smaller area of the overall facilities, and 3) a process for producing a high performance thin film transistor at low 
costs, which can maintain the clean surface (interface) of silicon without the use of cleaning solutions. 

(15) The different process chamber in the system indicated in one of (9) to (13) preferably includes a plasma gen- 
40 erating source for generating plasma in a predetermined area of the different process chamber. The substrate is 

preferably placed in an area in the different process chamber other than the predetermined area. 

(16) In the preferred system indicated in (13), the another process chamber includes a plasma generating source 
for generating plasma in a predetermined area of the different process chamber. The different process chamber 
serves to subject the substrate to the plasma treatment by reacting an excited gas with a different gas. The excited 

45 gas is excited by the plasma generated in the predetermined area The different gas is introduced into the different 
process chamber without passing through the predetermined area. 

[0029] By the configuration where the plasma generating chamber is separated from the substrate process cham- 
ber, damage induced by plasma can be reduced to yield a satisfactory gate insulating film. In addition, the trap state 
so density of the semiconductor thin film becomes equal to or less than the interface state density, and a satisfactory sem- 
iconductor-insulating film interface can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [0030] 

Fig. 1 is a schematic diagram of a conventional exclmer laser annealer. 

Figs. 2A to 2D are timing charts showing conventional and invented operation procedures of laser annealing. 
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Fig. 3 is a diagram showing the pulse to pulse stability of laser pulse Intensities. 
Fig. 4 is a diagram showing an illustrative temperature change of a silicon film. 
Fig. 5 Is a diagram showing an illustrative laser pulse shape. 

Fig. 6 is a diagram showing the relationship between the irradiation intensity and the cooling rate, and the cooling 
5 rate at which the film becomes amorphous. 

Fig. 7 is an Illustrative diagram of calculated temperature changes of a silicon thin film. 
Fig. 8 is a diagram showing crystal forms of silicon thin films corresponding to Individual Irradiation intensities. 
Fig. 9 is a diagram showing the maximum cooling rate after the supply of a second pulse, and the cooling rate 
around the solidification point. 

10 Fig. 10 is a diagram showing the relationship between the average crystal grain size and the process condition. 
Fig. 1 1 is a diagram showing the overall configuration of an embodiment of the invented exposure system. 
Fig. 12 Is a diagram showing an embodiment (aligning process) of the invented exposure system. 
Figs. 13A to 13E are diagrams showing an embodiment (mask projection process) of the Invented exposure sys- 
tem. 

is Figs 14A and 14B are diagrams showing embodiments (control procedures) of the Invented exposure system. 

Fig. 15 is a side sectional view showing the invented exposure system, transfer chamber, and plasma-enhanced 
CVD chamber. 

Fig, 1 6 is a top view of the invented composite system including, for example, an exposure system, transfer cham- 
ber, and plasma-enhanced CVD chamber. 
20 Fig. 1 7 is a side sectional view of the invented plasma-enhanced CVD chamber. 

Figs. 1 8A to 1 8G2 are sectional views showing the invented process for producing TFT. 
Figs. 1 9A to 1 9G2 are sectional views showing the invented process for producing TFT using alignment mark. 
Figs. 20A to 20G2 are sectional views showing the Invented process for producing TFT Including the formation of 
an alignment mark. 

25 Rg. 21 Is a block diagram showing an embodiment of the control procedure for delayed pulse lasing with plural light 
sources according to the invention. 

Figs. 22A to 22D are diagrams showing an embodiment of the control procedure for delayed pulse lasing from plu- 
ral light sources according to the invention. 

Fig. 23 is a diagram showing the invented laser anneaier including a focusing system. 
30 Fig. 24 is a schematic diagram of the invented composite system. 
Rg. 25 is an enlarged view of the bellow shown In Fig. 24. 

Fig. 26 is a diagram showing the relationship between the process chamber and the vibration isolation stage shown 
In Fig. 24 

Fig. 27 is an enlarged view showing the configuration of the vibration isolation stage shown in Fig. 26. 

35 Fig. 28 is a sectional view of the invented vacuum linear actuator driving unit. 
Fig. 29 is a vertical sectional view taken along with the line C-C In Fig. 28. 
Fig. 30 is a diagram showing the schematic configuration of the driving unit shown in Fig. 28. 
Fig. 31 is a top view of the invented mask stage driving mechanism. 
Fig. 32 is a vertical sectional view taken along with the line B-B in Fig. 31 . 

40 Fig. 33 Is a top view showing the invented stage unit including a pneumatic tilt mechanism, where a stage is dis- 
mounted. 

Fig. 34 is a side sectional view of a pneumatic tilt mechanism for use in the invention. 

Fig. 35 Is a diagram showing the process and system for eliminating reflected light for use in the invention. 

Fig. 36 is a vertical sectional view showing the configuration of an embodiment of the invented system. 
45 Fig. 37 is an enlarged sectional view of different holes formed in a partition. 

Fig. 38 is a vertical sectional view showing the configuration of another embodiment of the invented system. 

Fig. 39 is a vertical sectional view showing the configuration of a further embodiment of the invented system. 

Fig. 40 is a block diagram showing the configuration of the invented silicon oxide thin film forming system. 

Fig. 41 is a graph showing an illustrative change of materia! gas supply. 
so Fig. 42 is a graph showing another illustrative change of material gas supply. 

Fig. 43 is a schematic side sectional view of an embodiment of the invented thin film forming system. 

Fig. 44 is a schematic side sectional view of the configuration of the modifier supply unit 81 33 arranged in the trans- 
fer chamber of the system in Rg. 43. 

Fig. 45 is a diagram of an embodiment of the composite optical system of plural beams for use in the invention. 
55 Rg. 46 is a diagram of an embodiment of a composite optical system of plural beams for use in the invention. 
Rg. 47 is a diagram showing an embodiment of a mask stage mechanism for use in the invention. 
Figs. 48A and 48B are diagrams showing an embodiment of a mask stage mechanism for use in the invention. 
Fig. 49 is a diagram showing the system and process for precision alignment for rectangular beams. 
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Fig, 50 Is a diagram showing an Illustrative alignment mark arrangement for use in the invention; 

Fig. 51 is a perspective view showing the arrangement of an alignment mark. 

Fig. 52 is a diagram showing the configuration of a laser annealer as an embodiment of the Invention. 



5 DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0031] The embodiments of the invention will now be illustrated in detail with reference to the drawings. 

[0032] Fig. 1 1 shows an embodiment of the invention. Pulsed ultraviolet (UV) beams are supplied from a first exci- 

mer laser EL1 and a second excimer laser EL2 and are introduced via mirrors opt3 and otp3' and lenses opt4 to a 

10 homogenizer opt20'. The intensity profile of the beam Is adjusted in the homogenizer so as to attain a target uniformity 
in a photo mask opt21 f for example, an In-plane distribution of ±5%. Original beams supplied from the excimer lasers 
may have an intensity profile or total energy which varies pulse to pulse. The system therefore preferably includes a 
mechanism for adjusting the spatial intensity distribution and pulse-to-pulse intensity variation on the photo mask to 
achieve a higher uniformity. The homogenizer generally Includes a fly-eye lens or a cylindrical lens. The patterned light 

15 formed by the photo mask is applied via a reduction projection optical system opt23' and a laser inlet window W0 onto 
a substrate subO placed in a vacuum chamber CO. The substrate is mounted on a substrate stage SO, and a target 
region, for example, a pattern transfer region exO, can be exposed to the patterned light by operating the substrate 
stage. In Fig. 11, the reduction projecting optical system is Illustrated, butthe system can Include a 1:1 projecting optical 
system or an enlargement projecting optical system. An optional region on the substrate is irradiated with the patterned 

20 light by moving the substrate stage In X-Y direction in the figure. The photo mask is mounted on a mask stage (not 
shown), and the beam to be applied on the substrate can be controlled also by moving the photo mask within a region 
capable of exposing.. 

[0033] To apply a target patterned light onto the substrate under desired conditions, a mechanism is required. An 
illustrative mechanism will now be described. As an optical axis should be delicately and precisely adjusted, in the fol- 

25 lowing example, the optical axis is once adjusted and then fixed, and the position of the substrate is adjusted to control 
the irradiation. For adjusting the position of the irradiated surface of the substrate relative to the optical axis, the position 
of the surface in a direction of the focus (Z direction) and the verticality relative to the optical axis must be corrected. Of 
the Gxy tilt correction direction, Gxz tilt correction direction, Gyz tilt correction direction, X exposure region moving direc- 
tion, Y exposure region moving direction, and Z focusing direction in the figure, the verticality relative to the optical axis 

30 is corrected by adjusting In the Gxy tilt correction direction, Gxz tilt correction direction, and Gyz tilt correction direction. 
The position of the irradiated surface of the substrate is controlled to an appropriate position according to the focal 
depth of the optical system by adjusting the Z focusing direction. 

[0034] . Fig. 12 is an illustrative side sectional view of the adjustment and alignment mechanism of the substrate. 
The photo mask opt21 , the reduction projection optical system opt23', and the laser inlet window WO are arranged with 
35 respect to an exposure axis LO, as shown in the figure. The substrate subO placed In a vacuum chamber CO is mounted 
on a heater HO with a substrate adhesion mechanism, and a substrate-XYZexy9xz0yz-stage SO'. In this embodiment, 
a vacuum chamber is used, but actual light irradiation should be preferably performed In an atmosphere of, for example, 
an inert gas, hydrogen gas, oxygen gas, or nitrogen gas. The inside of the chamber is once evacuated and is then 
replaced with the above-mentioned gas. The pressure in the chamber may be around atmospheric (barometric) pres- 
to sure. By using a heater with a substrate adhesion mechanism, the substrate can be heated at a temperature of from 
room temperature to about 400°C in light irradiation procedure. When the inside pressure is set around barometric 
pressure, the substrate can be stuck to the heater through a vacuum chucking mechanism. Accordingly, the misalign- 
ment of the substrate can be inhibited even if the substrate stage moves in the chamber, and the supplied substrate can 
be surely fixed to the substrate stage even if the substrate has some warp or bending. In addition, the shift of the focal 
45 depth due to heat-Induced warp or bending can be minimized. 

[0035] Laser interferometers 11 and I2 make alignment of the substrate and a measurement of the position of the 
substrate in Z direction, via a length measuring window W-i and a length measuring mirror opt-i. To align the substrate, 
the position of an alignment mark on the substrate is determined with an off-axis microscope mO, a microscope light 
source Lm, and a microscope element opt-m, A target exposure position can be determined using information about 
so the substrate position obtained from the laser interferometer system. In Fig. 12, the off-axis alignment is illustrated, but 
the invented system can also employ through-the-lens alignment orthrough-the-mask (through-the-reticle) alignment. 
In the measurement, measurement errors can be averaged by making measurements from plural measuring points and 
determining a linear coordinate based on the measured data through the least square method. 
[0036] Figs. 13A to 13E show the relationship between a mask pattern and an alignment mark. The mask includes 
55 a mask non-exposure area maskl and a mask exposure area mask2. For example, when an excimer laser is used as 
the light source, a film that absorbs and reflects ultraviolet radiation Is formed on a quartz substrate. The ultraviolet radi- 
ation passes through such a quartz substrate. The film is formed from, for example, aluminium, chromium, tungsten, or 
other metals, or is a dielectric multilayer film, and is then patterned by photolithography and etching processes to yield 
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the mask. According to a target pattern on the mask (Indicated by the white areas In Fig. 1 3A), a silicon film Is exposed 
to yield exposed SI portions (SI2) In a non-exposed SI (SI1) as shown In Figs. 13B and 13C. Where necessary, align- 
ment and adjustment Is conducted to make a mark on the mask markl agree with a mark on the substrate mark2 prior 
to exposure. A predetermined and designed region on the silicon thin film can be therefore exposed. In the thin film tran- 

5 sistor forming process using a silicon thin film, if the exposure process is a first process requiring the alignment (i.e., no 
alignment mark is formed prior to the exposure process), an exposed mark mark3 should be preferably formed by expo- 
sure concurrently in the exposure process of the silicon thin film. By this procedure, an alignment mark can be formed 
using an optical color difference between a-Si and crystalline SI. By performing, for example, photolithography in a suc- 
cessive process with reference to the above alignment mark, transistors and other desired mechanisms and functions 

w can be formed in target regions which are exposed and modified. Subsequent to the exposure process, an Si oxide film 
is formed on the silicon thin film and a target region of the silicon film is removed by etching. Fig. 13D and 13E show 
the state Just mentioned above. A removed Si region (SI3) is a region where the laminated silicon film and SI oxide film 
are removed by etching. In this configuration, SI oxide films (SI4 and SI5) are laminated on the non-exposed y Si (S11) 
and the exposed Si (SI2). By forming island structures including a silicon film covered with an oxide film as stated above, 

is desired channel-source-drain regions of a thin film transistor or alignment marks necessary for successive processes 
can be formed. In such a transistor, elements are separated from one another. 

[0037] Figs. 1 4A and 1 4B are timing charts of essential control procedures. In the illustrative control procedure (1 ), 
the substrate is moved to a target exposure position by operating the substrate stage. Next, the exposure position is 
accurately adjusted by focusing or alignment operation. In this procedure, the exposure position is adjusted to achieve 

20 a target predetermined accuracy of error of, for example, about 0.1 urn to 1 00 urn. On completion of this operation, the 
substrate is irradiated with light. On completion of series of these operations, the substrate is moved to a successive 
exposure position. On completion of irradiation of ail the necessary regions on the substrate, the substrate is replaced 
with a new one, and the second substrate to be treated is subjected to a series of the predetermined operations. 
[0038] In the illustrative control procedure (2), the substrate is moved to a target exposure position by operating the 

25 substrate stage. Next, the exposure position is accurately adjusted by focusing or alignment operation. In this proce- 
dure, the exposure position is adjusted to achieve a target predetermined accuracy of error of, for example, about 0.1 
jim to 100 urn. On completion of this operation, the mask stage starts to operate, In the chart shown in Fig. 14B, the 
substrate is irradiated with light after the initiation of the mask stage operation to avoid variation of moving steps during 
startup. Naturally, a region at a distance from the alignment position is to be exposed due to the movement of the stage, 

30 and an offset corresponding to the shift must be previously considered. To avoid unstable operations, the light source 
may be operated prior to the light irradiation to the substrate, and the substrate may be irradiated with light by opening, 
for example, a shutter. Particularly, when an excimer laser is employed as the light source and lasing periods and sus- 
pension periods are repeated in turn, several ten pulses emitted at early stages are known to be particularly unstable. 
To avoid irradiation with these unstable laser pulses, the beams can be Intercepted according to the operation of the 

35 mask stage. On completion of irradiation of ail the necessary regions on the substrate, the substrate is replaced with a 
new one, and the second substrate to be treated is subjected to a series of the predetermined operations. 
[0039] In this connection, an a-Si thin film 75 nm thick was scanned with a 1 mm x 50 nm beam at a 0.5-|im pitch 
in a minor axis direction. When the scanning (irradiation) was performed using one light source at a laser irradiation 
Intensity of the irradiated surface of 470 mJ/cm 2 , a continuous single-crystal silicon thin film in the scanning direction 

40 was obtained. In addition, a beam from a second light source was applied with a delay time of 1 00 nsec to yield a laser 
Irradiation intensity of the irradiated surface of 150 mJ/cm 2 a continuous single-crystal silicon thin film in the scanning 
direction was obtained, even at a scanning pitch of 1 .0 ^im. The trap state density in the crystallized silicon film was less 
than 10 l2 cm" 2 

[0040] Fig. 15 is a side sectional view of an embodiment of the invented semiconductor thin film forming system. 

45 The system includes a plasma-enhanced CVD chamber C2, a laser irradiation chamber C5, and a substrate transfer 
chamber C7. In the system, the substrate can be transferred via gate valves GV2 and GV5 without exposing to an 
atmosphere outside the system. The transfer can be performed in vacua or in an atmosphere of an inert gas, nitrogen 
gas, hydrogen gas or oxygen gas, in high vacuum, under reduced pressure or under pressure. In the laser irradiation 
chamber, the substrate is placed on a substrate stage S5 with the aid of a chucking mechanism. The substrate stage 

so S5 can be heated to about 400°C. In the plasma-enhanced CVD chamber, the substrate is placed on a substrate holder 
S2. The substrate holder S2 can be heated to about 400°C. The figure illustrates the following state. A silicon thin film 
SI1 is formed on a glass substrate SubO, and the substrate is then brought into the laser irradiation chamber. The sur- 
face silicon thin film is modified into a crystalline silicon thin film Si2 by laser irradiation, and the substrate is then trans- 
ferred to the plasma-enhanced CVD chamber. 

55 [0041] Laser beams are brought into the laser irradiation chamber in the following manner. The laser beams are 
supplied from an excimer laser 1 (EL1) and an excimer laser 2 (EL2), pass through a first beam line L1 and a second 
beam line L2 and a laser composing optical. system opt1 , a mirror opt1 1 , a transmissive mirror opt1 2, a laser Irradiation 
optical system opt2, a homogenizer opt20, a photo mask opt21 mounted and fixed on a photo mask stage opt22, a pro- 
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[Action optical system opt23, and a laser Inlet window W1 , and reach the substrate surface. In this figurej two exclmer 
lasers are Illustrated, but an optional number (one or more) of light sources can be employed In the system. The light 
source is not limited to the excimer laser and includes, for example, carbon gas laser, yttrlum-alumlnum-garnet (YAG) 
laser, and other pulse lasers. In addition, laser pulses can be made and applied onto the substrate by using argon laser 

5 or another continuous wave (CW) light source and a high speed shutter. 

[0042] In the plasma-enhanced CVD chamber, a radio frequency (RF) electrode D1 and a plasma confinement 
electrode D3 constitute a plasma generating region D2 at a position at a distance from a region where the substrate is 
placed. For example, oxygen and helium are supplied to the plasma generating region, and a silane gas is supplied to 
the substrate using a material gas inlet system 04. By this configuration, a silicon oxide film can be formed on the sub- 

10 strate. 

[0043] Fig. 1 6 Is a top view of another embodiment of the invented semiconductor.thin film forming system. A sub- 
strate transfer chamber 07 is respectively connected to a load-unload chamber C1 , a plasma-enhanced CVD chamber 
C2, a substrate heating chamber C3, a hydrogen plasma treatment chamber C4, and a laser irradiation chamber C5 
via gate valves GV1 through GV6. Laser beams are supplied from a first beam line L1 and a second beam line L2 and 

15 are applied to the substrate surface via a laser composing optical system opt1 , a laser irradiation optical system opt2, 
and a laser Inlet window W1. Gas supply systems gas1 to gas7, and ventilators ventl to vent7 are connected to the 
individual process chambers and the transfer chamber. By this configuration, desired gas species can be supplied, and 
target process pressures can be set. In addition, the ventilation and degree of vacuum can be controlled. Substrates 
sub2 and sub6 to be processed are placed horizontally as indicated by dotted lines in the figure. 

20 [0044] Fig. 1 7 is a schematic diagram of the plasma-enhanced CVD chamber C2. A radio frequency power source 
RF1 supplies a radio frequency electrode RF2 with power. As the frequency, a high frequency of 13.56 MHz or more Is 
suitable. Plasma is generated between an electrode RF3 with gas supply holes, and the radio frequency electrode RF2. 
Radicals are formed by plasma reaction and are introduced through the gas supply holes of the electrode into a region 
where the substrate is placed. Another gas is introduced by a flat gas supply system RF4 without exposure to the 

25 plasma , and a gas phase reaction occurs to form a thin film on the substrate sub2. A substrate holder S2 is designed 
to heat the substrate from room temperature to about 500°C using, for example, a heater. A silicon oxide film can be 
formed by reacting oxygen radicals with silane gas. In this reaction, the ventilator vent2, the gas supply system gas2, 
an oxygen gas line gas21 , a helium gas line gas22, a hydrogen gas line gas23, a silane gas line gas24, a helium gas 
line gas25, and an argon gas line gas26 are used as shown in the figure. When a silicon oxide film was formed at a 

30 substrate temperature of 300°C, at a pressure of 01 Torr, at an RF power of 1 00 W, at a silane flow rate of 1 0 standard 
cubic centimeter per minute (seem), at an oxygen flow rate of 400 seem, and at a helium flow rate of 400 seem. The 
resulting silicon oxide film was found to have a satisfactory property of a fixed oxide film charge density of 5 x 1 0 11 cm* 
2 . A more satisfactory oxide film can be formed by increasing the ratio of the oxygen flow rate to the silane flow rate. 
The plasma-enhanced CVD chamber is not limited to a parallel plate RF plasma-enhanced CVD system as stated 

35 above. The CVD process also includes a CVD process under reduced pressure, a CVD process at normal pressure, or 
other processes without the use of plasma, as well as plasma-enhanced CVD processes using microwaves or electron 
cyclotron resonance effect. 

[0045] Table 1 shows illustrative gas species required when the plasma-enhanced CVD system shown in Fig. 1 7 is 
used for the formation of thin films other than silicon oxide films. 

40 
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55 

[0046] A silicon nitride Si 3 N 4 film can be formed by using nitrogen N 2 or ammonia with an argon Ar carrier gas, and 
silane SIH 4 with an argon carrier gas. A silicon thin film can be formed by using hydrogen H 2 and silane, or using hydro- 
gen with an argon carrier gas and silicon tetrafiuoride SlF 4 with an argon carrier gas. In addition to these film forming 
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processes, the plasma-enhanced CVD system can perform hydrogen plasma treatments of silicon thin films or of silicon 
oxide films. 

[0047] Figs. 18A to 18G2 are process flow charts showing an application of the invented semiconductor thin film 
forming system to a production process of thin film transistors. The process Includes the following steps. 

5 [0048] In Step A (Fig. 18A), a glass substrate subO Is cleaned to remove organic substance, metals, fine particles 
and other impurities. Onto the cleaned glass substrate, a substrate covering film T1 and a silicon tin film T2 are sequen- 
tially formed. As the substrate covering film, a silicon oxide film is formed to a thickness of 1 ^im by low pressure vapor 
deposition (LPCVD) process at 450°C with sllane and oxygen gases as materials. By using the LPCVD process, the 
overall exterior surface of the substrate can be covered with a film, except for a region where the substrate is held (this 

w embodiment Is not shown in the figure). Alternatively, the process can employ, for example, a plasma-enhanced CVD 
process using tetraethoxysllane (TEOS) and oxygen as materials, a normal pressure CVD process using TEOS and 
ozone as materials, or the plasma-enhanced CVD process shown in Fig. 17. An effective substrate covering film 
Includes such a material as to prevent the diffusion of impurities In the substrate material. Such Impurities adversely 
affect semiconductor elements. The substrate may comprise, for example, a glass having a minimized alkali metal con- 

is centration or a quartz or glass having a polished surface. The silicon thin film is formed to a thickness of 75 nm by 
LPCVD at 500°C with a disilane gas as a material. Under these conditions, the resulting film is to have a hydrogen atom 
concentration of 1 atomic percent or less, and the film can be prevented from, for example, roughening due to emission 
of hydrogen in the laser irradiation process. Alternatively, the plasma-enhanced CVD process shown in Fig. 1 7 or a con- 
ventional plasma-enhanced CVD process can be employed. In this case, a silicon thin film having a low hydrogen atom 

20 concentration can be obtained by adjusting the substrate temperature or the flow rate ratio of hydrogen to silane or the 
flow rate ratio of hydrogen to silicon tetrafiuoride. 

[0049] In Step B (Fig. 1 8B), the substrate prepared In Step A Is subjected to a cleaning process to remove organic 
substances, metals, fine particles, surface oxide films and other unnecessary matters. The cleaned substrate Is then 
Introduced into the invented thin film forming system. The substrate is irradiated with a laser beam LO to convert the 
25 silicon thin film to a crystallized silicon thin film T2\ The laser-induced crystallization Is performed In a high purity nitro- 
gen atmosphere of 99.9999% or more at a pressure of 700 Torr or more. 

[0050] In Step C (Fig. 1 8C), after the completion of Step B, the process chamber is evacuated, and the substrate 
Is then transferred via a substrate transfer chamber to a plasma-enhanced CVD chamber. As a first gate insulating film 
T3, a silicon oxide film is deposited to a thickness of 10 nm at a substrate temperature of 350°C from material silane, 
30 helium, and oxygen gases. Where necessary, the substrate Is then subjected to hydrogen plasma treatment or to heat- 
ing and annealing. Steps A to C are conducted in the invented thin film forming system. 

[0051] In Step D (Fig. 18D), islands composed of laminated silicon thin film and silicon oxide film are then formed. 
In this step, the etching rate of the silicon oxide film should be preferably higher than that of the silicon thin film accord- 
ing to etching conditions. By forming a stepped or tapered pattern section as illustrated in the figure, the gate leak is 

35 prevented, and a thin film transistor having a high reliability can be obtained. 

[0052] In Step E (Fig. 18E), the substrate is then cleaned to remove organic substances, metals, fine particles and 
other impurities, and a second gate insulating film T4 is formed to cover the above-prepared islands. In this example, a 
silicon oxide film 30 nm thick is formed by the LPCVD process at 450°C from material silane and oxygen gases. Alter- 
natively, the process can employ, for example, the plasma-enhanced CVD process using tetraethoxysilane (TEOS) and 

40 oxygen as materials, the normal pressure CVD process using TEOS and ozone as materials, or the plasma-enhanced 
CVD process as shown in Fig. 17. Next, an n + silicon film 80 nm thick and a tungsten suicide film 110 nm thick are 
formed as gate electrodes. The n + silicon film should be preferably a phosphorus-doped crystalline silicon film formed 
by the plasma-enhanced CVD process or LPCVD process. The work is then subjected to photolithography and etching 
processes to yield a patterned gate electrode T5. 

45 [0053] In Step F1 or F2 (Fig. 18F1 or 18F2), a doping region T6 or T6' is then formed using the gate as a mask. 
When a complementary metal oxide semiconductor (CMOS) circuit is prepared, an n' channel TFT requiring an n + 
region, and a p" channel TFT requiring a p + region are separately formed. The doping technique includes, for example, 
ion doping where Injected dopant ions are not subjected to mass separation, Ion Injection, plasma-enhanced doping, 
and laser-enhanced doping. According to the application of the product or the used technique for doping, the surface 

so silicon, oxide film is remained as intact (Fig. 18F2) or Is removed (Fig. 18F1) prior to doping. 

[0054] In Step G1 or G2 (Fig. 1 8G1 or 18G2), an interlayer insulating film T7 orTT is deposited, and a contact hole 
is formed, and a metal is deposited thereon. The work is then subjected to photolithography and etching to yield a 
metallic wiring T8. Such interlayer insulating films include, but are not limited to, a TEOS-based oxide film, a silica coat- 
ing film, and an organic coating film that can provide a flat film. The contact hole can be formed by photolithography and 

55 etching with a metal. Such metals include low resistant aluminium, copper, and alloys made from these metals, as well 
as tungsten, molybdenum, and other refractory metals. The process including these steps can produce a thin film tran- 
sistor having high performances and reliability. 

[0055] Figs 19A to 19G2 Illustrate an embodiment where an alignment mark is previously formed and laser irradi- 
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atlon Is performed with reference to the alignment mark. Figs. 20A to 20G2 Illustrate another embodiment where an 
alignment mark is formed concurrently with laser irradiation. These embodiments are bas^d on the TFT manufacture 
process flow, and are basically similar to the process shown in Figs. 1 8A to 1 8G2. The distinguishable points of these 
embodiments are described below. 

[0056] In Fig. 19A, a glass substrate subO is cleaned to remove organic substances, metals, fine particles, and 
other undesired matters. On the cleaned substrate, a substrate covering film T1 and a tungsten sllicide film are sequen- 
tially formed. The work Is then patterned by photolithography and etching to form an alignment mark T9 on the sub- 
strate. A mark protective film T10 is formed to protect the alignment mark, and a silicon thin film Is then formed. 
[0057] In Fig. 198, upon laser light exposure, a target region is exposed to light with reference to the alignment 
mark. The alignment in the successive step can be performed with reference to the preformed alignment mark or to an 
alignment mark formed by crystallized silicon thin film patterning (not shown). 

[0068] In Fig. 20B, a crystallized alignment mark T9* is formed concurrently with Laser irradiation to the silicon thin 
film. The crystallized alignment mark Is formed by utilizing a difference in modification between an exposed region and' 
a nonexposed region. 

[0059] In Fig. 20D, alignment in the photolithography process is performed by using the crystallized alignment mark 
T9'. The work Is then subjected to an etching process to form islands composed of laminated silicon thin film and silicon 
oxide film. 

[0060] Fig. 21 shows a laser annealer for heating and laser-annealing an amorphous semiconductor with synchro- 
nizing pulses. The annealer includes a laser unit 31 1 0, a laser irradiation processing unit 31 20, and a master controller 
3130. The laser unit 3110 produces laser beams with a target wavelengths and waveforms. The laser irradiation 
processing unit 3120 actually subjects a substrate W to processing with the laser beam from the laser unit 31 TO. The 
master controller 31 30 generally controls the operations of these units. The work substrate W is made from, for exam- 
ple, a glass plate. On the surface of the substrate, for example, an amorphous Si layer as an amorphous semiconductor 
Is deposited. The laser beam processing converts an exposed region in the amorphous Si layer into a polycrystalline 
Si (poly-Si) layer. 

[0061] The laser unit 31 10 includes a pair of first and second lasers 31 1 1 and 3112, and a laser controller 31 13. 
The lasers 31 1 1 and 31 12 produce pulsed laser beams. The laser controller 3113 respectively controls the excitation 
timings of the lasers 31 1 1 and 31 12 to produce a pair of pulsed laser beams with art appropriate differential time, and 
serves as a delay controller. The first laser 31 1 1 is a main laser, and the substrate W is first irradiated with a laser beam 
from the first laser 31 1 1 . The second laser 31 1 2 is a subsidiary laser and the substrate W is irradiated with a laser beam 
from the second laser 31 12 after the irradiation of the first laser. Each of the laser beams from the first and second 
lasers 31 1 1 and 31 12 is appropriately adjusted to have an optimum differential time and power for the processing of the 
substrate W. Both pulsed laser beams PL are superimposed via a composing optical system 3170 to yield a synchro- 
nizing pulsed beam for processing. 

[0062] The laser controller 31 1 3 comprises, for example, a computer and a signal shaping circuit. Specifically, the 
laser controller includes a reference pulse generating circuit 31 51 , a delay time setting circuit 31 52, an arithmetic circuit 
3153, a trigger pulse generating circuit 3154, first and second photosensors 3161 and 3162, a pair of amplifiers 3163 
and 3164, and a delay time detecting circuit 3155. The reference pulse generating circuit 3151 produces a reference 
pulse. The delay time setting circuit 3152 previously sets an interval of generation, i.e., differential time, of a pair of the 
pulsed laser beams PL that constitute the synchronizing pulsed laser beam. The arithmetic circuit 3153 sets the exci- 
tation timings of the first and second lasers 31 1 1 and 31 1 2 with reference to a signal output from, for example, the delay 
time setting circuit 3152, and generates a command signal corresponding to the excitation timings. The trigger pulse 
generating circuit 3154 receives the output of the command signal from the arithmetic circuit 3153 and generates first 
and second trigger signals to trigger the first and second lasers 31 1 1 and 31 12. The first and second photosensors 
3161 and 3162 respectively serve for high speed photoelectric conversion of laser outputs from the first and second 
lasers 31 1 1 and 31 1 2 and serve as photodetectors. The amplifiers 31 63 and 31 64 respectively amplify the outputs from 
the first and second photosensors 31 61 and 3162. The delay time detecting circuit 3155 receives photo detection sig- 
nals from both amplifiers 31 63 and 31 64 and detects a differential time between both photo detection signals. 
[0063] The delay time setting circuit 3152 sets such a differential time (hereinafter referred to as "set differential 
time t1 ") that the waveform of the synchronizing pulsed beam is optimum for the processing of the substrate W. The syn- 
chronizing pulsed beam is formed by superimposing the laser beams from the first and second lasers 31 1 1 and 3112. 
The set differential time t1 can be set by externally entering from, for example, a keyboard or by reading out a set level 
previously stored according to the type of the substrate W. 

[0064] The arithmetic circuit 31 53 generates a command signal S2 corresponding to the set differential time t1 set 
in the delay time setting circuit 3152. The arithmetic circuit 5153 also calculates a corrected differential time t2 from the 
set differential time t1 and generates a command signal S2' corresponding to the corrected differential time t2. The cor- 
rected differential time t2 is calculated with reference to the output of a measured differential time t3 from the delay time 
detecting circuit 3155. 




EP 1 067 593 A2 




[0065] The trigger pulse generating circuit 3154 receives the command signal S2 or S2* produced from the arith- 
metic circuit 3153 and subjects the signal to an appropriate processing. When triggered by the reference pulse from the 
reference pulse generating circuit 3151 , the trigger pulse generating circuit 3154 respectively generates first and sec- 
ond trigger signals Tr1 and Tr2 with a time delay or shift of the differential time t1 (t2) to trigger the first and second 
5 . lasers 31 11 and 3112. 

[0066] The delay time detecting circuit 31 55 cuts a pair of photodetection signals from the amplifiers 31 63 and 31 64 
with a predetermined threshold, and detects a delay time t3 between a pair of laser beams produced by the first and 
second lasers 31 1 1 and 31 12. The delay time t3 is determined with reference to a difference of start-up timings of the 



w [0067] Into the laser irradiation processing unit 3120, the synchronizing pulsed laser beam Is launched. The syn- 
chronizing pulsed laser beam comes out from the laser unit 3110 and is composed via a composing optical system 
3170 including, for example, mirrors 3171 and 3172, and a half mirror 3173. The laser Irradiation processing unit 3120 
comprises a reduction projection optical system 3121, a stage 3122, and a stage driving unit 3123. The reduction pro- 
jection optical system 3121 converts the synchronizing pulsed laser beam into a beam having a target profile and 

is energy density distribution and projects the processed beam onto the substrate W. The stage 3122 supports the sub- 
strate W and moves with the substrate W in scanning operation. The stage driving unit 3123 controls the operations of 
the stage 3122. 

[0068] The operations of the laser annealer shown in Fig. 21 will be illustrated below. The master controller 31 30 
controls the laser controller 31 13 to make the first and second lasers 31 1 1 and 31 1 1 2 to generate a pair of pulsed laser 

20 beams PL with a delay time of the set differential time t1 . Both puised laser beams PL are superimposed via the conv 
posing optical system 3170 to yield a synchronizing pulsed laser beam for processing having a predetermlned.wave- 
form, and the synchronizing pulsed laser beam is applied onto the substrate W. The synchronizing pulsed laser beam 
Is triggered by the reference pulse from the reference pulse generating circuit 3151, and the irradiation of the synchro^ 
nizing pulsed laser beam onto the substrate W is repeated in a cycle corresponding to the cycle of the reference pulse. 

25 [0069] In this procedure, the delay time t3 produced by the delay time detecting circuit 31 55 is monitored to find a 
shift At of the actual delay time t3 from the set differential time t1 . Thus, the corrected differential time t2 is calculated 
from At and t1 according to the following equation. 



The corrected differential time t2 is set as a new set point By this procedure, the pair of pulsed laser beams PL with a 
time delay substantially identical to the set differential time t1 can be generated from the first and second lasers 311 1 
and 31 12. Specifically, if a delay time t3' produced by the delay time detecting circuit 3155 is out of a predetermined 
range (upper limit and lower limit) due to response characteristics or changes with time of the first and second lasers 

35 31 1 1 and 31 1 2, a new corrected differential time t2' is calculated from a new shift At and t1 [t2' = t1 - At ] and is set as 
a new set point. By repeating these procedures, the time Interval of the pair of pulsed laser beams PL constituting the 
synchronizing pulsed laser beam can be maintained constant. Specifically, even if the lasers 31 1 1 and 31 12 have dif- 
ferent characteristics from each other, and the response time from the trigger to exciting the laser varies due to changes 
with time or changes in operation conditions, a synchronizing pulsed laser beam having a stable waveform can be 

40 applied onto the substrate W. 

[0070] Figs. 22A to 22D are timing charts illustrating operation timings of the system shown in Fig. 21. Fig. 22A 
shows the trigger signal Tr1 produced from the pulse generating circuits 3151 and 3154. Fig. 22B shows the pulsed 
laser beam PL launched from the first pulse laser 3111. Fig. 22C shows the trigger signal Tr2 produced via the delay 
time setting circuit 3152 and the arithmetic circuit 3153 from the trigger pulse generating circuit 3154 (these circuits are 

45 referred to as "trigger delay circuits"). Fig. 22D shows the pulsed laser beam PL launched from the second pulse laser 
31 1 2. As is obvious from these figures, when a delay time Ts is set in the trigger delay circuits 31 54 and 31 52, a desired 
pulse time interval Td (= Td2-Td1+Ts+Tc) can be theoretically obtained. 

[0071] Next, a system and a process for focusing will be described as an embodiment of the invention. 

[0072] Fig. 23 is a diagram showing the overall configuration of a laser annealer Including the focusing system 

so according to the embodiment. This laser annealer serves to subject a work W to be processed to a heat treatment. The 
work W comprises a glass plate and a semiconductor thin film of, for example, amorphous Si formed on the glass plate. 
The laser annealer includes a laser source 371 0, an irradiation optical system 3720, a stage 3730, a stage driving unit 
3740, and a master controller 3780. The laser source 371 0 produces an excimer laser and other laser light AL for heat- 
ing the semiconductor thin film. The irradiation optical system 3720 converts the laser light AL into a line or spot and 

55 launches the laser beam onto the work W at a predetermined illumination, and serves as a processing optical system. 
The stage 3730 supports and holds the work W, is smoothly movable In the X-Y plane, and Is capable of tilting around 
the X and Y axes. The stage driving unit 3740 is a driving means for moving or tilting the stage 3730 with the work W 
mounted thereon to a necessary degree relative to, for example, the Irradiation optical system 3720. The master con- 
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. trailer 3780 generally controls the operations of individual components of the laser annealer. In this configuration, the 
stage 3730 and the stage driving unit 3740 constitute a stage unit, and are housed in a chamber 3790. The chamber 
3790 serves to evacuate the work W and its surroundings and to adjust the atmosphere surrounding the work W. The 
chamber 3790 Is placed via a vibration Isolator 3792 on a floor. 

5 [0073] The laser annealer further comprises, as a focusing unit, a traveling distance measuring sensor 3750, a tilt- 
meter 3760, and a non-contact displacement gauge 3770, in addition to the stage 3730, the stage driving unit 3740, 
and the master controller 3780. The traveling distance measuring sensor 3750 detects the travel of the stage 3730 as 
an optical or electric signal. The tiltmeter 3760 detects the height and tilt of the stage 3730 relative to the stage driving 
unit 3740 as optical or electric Information. The non-contact displacement gauge detects signals corresponding to the 

w height and tilt of the work W relative to the irradiation optical system 3720. 

[0074] The Irradiation optical system 3720 includes a homogenlzer 3720a, a mask 3720b, and a projection lens 
3720c. The homogenizer 3720a ensures the laser light AL to have a uniform distribution. The laser tight AL is launched 
from the laser source 371 0 via a mirror 3715 Into the homogenizer 3720a. The mask 3720b has a slit for throttling the 
laser fight Al from the homogenizer 3720a into a predetermined beam form. The projection lens 3720c reduces and 

15 projects the slit Image from the mask 3720b onto the work W. The irradiation optical system 3720 Is arranged to face 
the work W via a process window 3790a in the chamber 3790, and Is fixed to the chamber 3790 by a member not 
shown. 

[0075] The stage driving unit 3740 includes a tilting unit 3742 and an XY stage unit 3744. The tilting unit 3742 
makes the stage 3730 tilt around the X and Y axes. The XY stage unit 3744 allows the stage 3730 together with the 

20 tilting unit 3742 to smoothly move in the X-Y plane. The tilting unit 3742 comprises three supporting members 3742a 
and a supporting member driving unit 3742b. The supporting members 3742a each have a cylinder housed In a bellow 
and are capable of expanding and contracting to an optional length. The supporting member driving unit 3742b oper- 
ates the supporting members 3742a to expand and contract. By adjusting the lengths of the three supporting members 
3742a through the supporting member driving unit 3742b, the tilt and distance of the stage 3730 relative to the Irradla- 

25 tion optical system 3720 can be appropriately finely adjusted. Specifically, the work W cap be adjusted relative to the 
irradiation optical system 3720 In the position (distance) in the Z axis direction, tilt angle 6X around the X axis, and tilt 
angle GY around the Y axis. The three tiltmeters 3760 extend from the tilting unit 3742 side to immediately below the 
stage 3730 and are eddy current sensors or electrostatic capacitance sensors. The outputs from these sensors accu- 
rately show to what degree the stage 3730 tilts relative to the stage driving unit 3740. 

30 [0076] The non-contact displacement gauge 3770 is a laser displacement gauge, and includes a projecting unit 
3771 and a light receiving unit 3772. The projecting unit 3771 is a projection means for launching a detective light DL 
to a flat region as a measuring target T on the work W. The light receiving unit 3772 receives a regularly reflected light 
RL from the measuring target T, and produces information about the incident position of the regularly reflected light RL. 
The projecting unit 3771 and the light receiving unit 3772 are arranged to face each other with the interposition of the 

35 irradiation optical system 3720. Specifically, the projecting unit 3771 launches the detective light DL in a direction incline 
ing at a predetermined angle relative to the optical axis of the irradiation optical system 3720. Into the light receiving 
unit 3772, the reflected right RL enters in a direction. This direction inclines in an opposed direction to the detective light 
DL at the predetermined angle relative to the optical axis of the irradiation optical system 3720. The master controller 
3780 also serves as an arithmetic means for obtaining measurements including information corresponding to the height 

40 of the measuring target T, with reference to the information about the incident position detected in the light receiving unit 
3772. Thus, the master controller 3780 constitutes a portion of the non-contact displacement gauge 3770. 
[0077] The projecting unit 3771 comprises a light source for generating the detective light and a projecting optical 
system, and launches a spot beam of the detective light DL through the process window 3790a to the measuring target 
T on the work W. The light receiving unit 3772 includes an image-forming optical system and a line sensor. The image- 

45 forming optical system gathers the reflected light RL from the measuring target T, and the gathered reflected light RL 
enters the line sensor. The line sensor extends in the X-Z plane in a direction perpendicular to the optical axis of the 
reflected light RL, and detects changes of the vertical position (height) of the work W. This configuration utilizes the fact 
that the height of the work W is In a linear relationship with a position detecting signal from the line sensor. However, 
when the work W inclines relative to the optical axis of the Irradiation optical system 3720, the output of the non-contact 

so displacement gauge 3770 reflects not only the vertical position (height) of but also the tilt of the work W. The tilt of the 
work W is corrected using the tilting unit 3742 to bring the normal line of the work W in parallel with the optical axis of 
the irradiation optical system 3720. At this point, the three supporting members 3742a constituting the tilting unit 3742 
are expanded or contracted to an identical degree to adjust the distance between the work W and the irradiation optical 
system 3720. This procedure will be described in detail later. 

55 [0078] The measuring targets T1 , T2 t and T3 are located at apexes of a regular triangle. Each, of the measuring 
targets Is arranged at an Identical distance from a processing region (in the figure, the center of the work W) on the work 
W. By controlling the XY stage unit 3744, the detective light DL from the projecting unit 3771 can be sequentially 
Launched Into each of the measuring targets T1 , T2, and T3 on the work W. When the tilt of the work W is to be cor- 
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reefed, the tilting unit 3742 is operated so as to average the outputs of the light receiving unit 3772 on the individual 
measuring targets T1 , T2, and T3. The arrangement of the measuring targets T1 , T2, and T3, and the total number of 
such measuring targets can be appropriately modified according to, for example, a required precision. Especially, if the 
work W has warp or other deformations on its surface, three or more measuring targets must be newly selected for each 
5 processing region to be measured in the vicinity of the processing region in question. The above-described measuring 
targets T1 , T2 and T3 have only to be flat surfaces, and require no specific mark as far as they can produce a regularly 
reflected light. 

[0079] The operations of the laser annealer according to the present embodiment will now be illustrated, initially, 
the work W is transferred to and mounted on the stage 3730 In the laser annealer. The work W on the stage 3730 is 

w aligned relative to the irradiation optical system 3720. The irradiation optical system 3720 serves to guide the annealing 
laser light AL. Next, the mask 3720b of the Irradiation optical system 3720 is moved, or the stage 3730 Is appropriately 
moved relative to the irradiation optical system 3720. Concurrently with this procedure, the laser light AL from the laser 
source 3710 is converted Into a line or spot and is launched onto the work W. On the work W, an amorphous Si or 
another amorphous semiconductor thin film is formed, and a desired region of the semiconductor is annealed and 

15 recrystalllzed by Irradiation and scanning of the thin film with the laser light AL The resulting semiconductor thin film 
has satisfactory electric characteristics. 

[0080] The alignment operation of the height and tilt of the work W on the stage 3730 relative to the irradiation opti- 
cal system 3720 will now be illustrated in further detail. Initially, three apexes of a regular triangle centering on a 
processing region of the work W are defined as the measuring targets T1 , T2, and T3. By controlling the XY stage unit 

20 3744, the work W is appropriately moved In the X-Y plane to sequentially move each of the measuring targets T1 , T2, 
and T3 on the work to a measuring point of the non-contact displacement gauge 3770. During this procedure, the 
detective light DL is lau'nehed from the projecting unit 3771 Into each of the measuring targets T1, T2, and T3. The 
reflected light RL from each of the measuring targets T1 , T2, and T3 is converted into a signal corresponding to the inci- 
dent position in the light receiving unit 3772. In the master controller 3780, measurements about the heights of the indi- 

25 vidual measuring targets T1 , T2, and T3 are obtained with reference to the signals about the incident positions from the 
light receiving unit 3772. The measurements obtained from the three points T1, T2, and T3 are supposed to include 
errors due to the tilt of the work W. In this procedure, these errors are neglected, and the tilt angles 8X and 8Y of the 
work W are adjusted by the tilting unit 3742 so as to control the heights of the three points T1 , T2, and T3 to an identical 
level. Then, the work W is appropriately moved in the X-Y plane by the action of the XY stage unit 3744, and measure- 

30 ments about the heights of the individual measuring targets T1 , T2, and 13 on the work W are obtained. By repeating 
the height measuring and the adjustment of the tilt angles of the three pints T1 , T2, and T3 in the above manner, tilt- 
induced errors in height measurements are gradually decreased. Ultimately, when the measurements of the three 
points T1 , T2, and T3 agree with each other, 6X=0 and 6Y=0, I.e. the tilt of the work becomes zero. At this stage, any 
one measurement of the heights constitutes the height of the processing region on the work W. Ultimately, the titling unit 

35 3742 is operated as a 2 stage to move the stage 3730, i.e., the work W up or down to a target height. 

[0081] The invention Is illustrated with reference to the embodiments as above, but these embodiments are not 
intended to limit the scope of the invention. For example, the system can include three or more non-contact displace- 
ment gauges 3770. In this case, the individual non-contact displacement gauges 3770 are arranged to make measure- 
ments of three different points on the work W concurrently. This configuration can rapidly correct the tilt of the work W 

40 without moving the work W by action of the XY stage unit 3744. 

[0082] In the above embodiment, the tilting unit 3742 is operated as the Z stage. However, the system can include 
an independent Z stage to completely separately adjust the tilt and height of the work W. 

[0083] The above embodiment employs a work W comprising a glass substrate and a semiconductor thin film 
formed thereon. However, the work may be made of any material as far as the material can produce a regularly 
45 reflected light 

[0084] The above focusing system is installed In a laser annealer for annealing the semiconductor layer on the work 
W with the laser light AL. The focusing system can be also applied to not only anneaiers for semiconductor materials 
but also pulsed laser processors by appropriately modifying the configurations of, for example, the laser source 3710 
and the irradiation optical system 3720. Such pulsed laser processors can serve to, for example, modify, cut or weld var- 
50 ious materials. 

[0085] Fig. 24 is a schematic. diagram of the configuration of a composite system according to the invention. The 
illustrated system includes a CVD system 391 0 as a primary processing unit, and a laser annealer 3920 as a secondary 
processing unit The CVD system 3910 forms a film on a glass substrate (work), and the laser annealer 3920 subjects 
the film-formed glass substrate to laser annealing. 
55 [0086] The laser annealer 3920 comprises a sealable process chamber 3921 . The process chamber 3921 houses 
a processing stage 3922 for mounting a glass substrate 3901 after film-formation. A ceiling of the process chamber 
3921 has a process window 3923 for passing a laser beam from the following laser irradiating system. The upper space 
of the process chamber 3921 houses a frame 3924 constituting the laser irradiating system 3925. 
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[0087] The laser Irradiating system 3925 receives a laser beam produced by a laser 3926 via a reflecting mirror 
3927, shapes the laser beam to have a predetermined profile and apply the shaped laser beam to focus on the glass 
substrate 3901 . In this system, only a configuration for a rectangular beam Is described. Another configuration for a long 
beam will be described later. 

5 [0088] The laser irradiating system 3925 includes, for example, a mask stage 3928 supporting a mask, an optical 
lens system 3929, and a sensor 3930 as components for a rectangular beam. The sensor 3930 serves to detect the 
position of focus of the beam on the glass substrate 3901 and is used for precisely adjusting the position of focus. 
[0089] The laser annealer 3920 is placed on a floor 3950 via plural vibration isolation stages as mentioned below. 
[0090] The CVD system 391 0 is connected to the process chamber 3921 via a transfer chamber 3970. The transfer 
w chamber 3970 houses a substrate moving robot 3960 as a moving mechanism. Especially, as shown in Fig. 25, the 
process chamber 3921 is to be connected to the transfer chamber 3970 with the interposition of the bellow 3971 . The 
connection portion between the process chamber 3921 and the transfer chamber 3970 is a place where the substrate 
moving robot 3960 holds the glass substrate in the CVD system 391 0 and delivers the substrate to the process cham- 
ber 3921 . To maintain the inside of the process chamber 3921 in vacuo or at a constant pressure, the connection por- 
ts tion must be cut off from the air, and the bellow 3971 performs this function. The transfer chamber 3970 requires a gate 
valve mechanism to inhibit the communication between the CVD system 3910 and the process chamber 3921. Such 
gate valve mechanisms are well known and are not illustrated herein. 

[0091] Next, the configuration of the vibration Isolation stages, essential units of the invented vibration isolation sys- 
tem, will be Illustrated with reference to Figs. 26 and 27. Each of the vibration isolation stages 3940 comprises an upper 

20 seating 4241 , and an air damper 4242 connected via a vibration isolation rubber 4243 to the upper seating 4241 . On 
the upper seating 4241 , the process chamber 3921 Is mounted. To the air damper 4242, compressed air is supplied 
from a compressor 4244 via a control valve 4245. The air damper 4242 includes a piston unit 4246 and a first stopper 
member 4247. The piston unit 4246 moves up and down according to the supplied compressed air. The first stopper 
member 4247 defines a lower limit position of the piston unit 4246 during vibration. 

25 [0092] The upper seating 4241 comprises a second stopper member 4148. The second stopper member 4148 
defines on-off of operations of the vibration isolation stages 3940, and specifies an upper limit position of the vibration 
Isolation stages 3940, specifically, an upper limit position in a height direction of a casing which houses the air damper 
4242. The casing which houses the air damper 4242 Includes a position detector 4149 for detecting a relative distance 
between the casing and the second stopper member 41 48. The position detector 41 49 also serves to limit the displace- 

30 ment of the casing or the process chamber as follows. If the process chamber 3921 or the casing which houses the air 
damper 4242 displaces to a degree exceeding a predetermined allowable range, a portion of the position detector 41 49 
is engaged with the second stopper member 4148, and this engagement limits the displacement as shown in Fig. 26. 
[0093] A detective signal Is sent out from the position detector 41 49 to a controller 421 00 as a feedback signal. The 
controller 42100 controls the control valve 4245 with reference to the relative distance between the second stopper 

35 member 41 48 and the position detector 41 49 indicated by the detective signal. The controller 421 00 thus operates the 
vibration isolation stages 3940 to eliminate the vibration of the process chamber 3921 . 

[0094] Particularly, when the controller 42100 detects that the relative distance becomes equal to or less than a 
predetermined level, for example, that a portion of the position detector 4149 comes in contact with the second stopper 
member 41 48, the controller 421 00 stops the control operation to the control valve 4245 to cease the vibration isolation 
40 function. Contact of a portion of the position detector 4149 with the second stopper member 4148 means that up-and- 
down movements of the upper seating 4241 or of the air damper 4242 exceed the allowable range, in this connection, 
the second stopper member 4148 is configured in such a manner that the position of the second stopper member in a 
vertical direction can be changed by a screw or another adjusting means. 

[0095] As is thus described, each of the vibration isolation stages 3940 has a feedback control function. According 
45 to this function, the vibration isolation stage 3940 controls the pressure of the compressed air which defines the vibra- 
tion isolation property to thereby eliminate vibration, when the relative distance between the second stopper member 
4148 and the position detector 4149 changes. In addition, if the up-and-down movements of the upper seating 4241 or 
of the air damper 4242 exceed the allowable range, the vibration isolation stage 3940 deactivates the feedback control 
function. The position of the second stopper member 4148 can be adjusted up and down by hand, and a position at 
so which the vibration isolation function is stopped can be optionally set. 

[0096] Specifically, the vibration isolation stage 3940 exerts its function from a point where the piston unit 4246 
comes in contact with the first stopper member 4247 to a point where a portion of the position detector 4149 comes in 
contact with the second stopper member 41 48. If the distance between these two points is set at 200 urn, the vibration 
isolation stage 3940 functions within a range of up-and-down movements of ±100 urn. 
55 [0097] Operations in a high precision scanning with rectangular beams will now be described. When rectangular 
beams are used for processing, the vibration in the process chamber 3921 is mainly derived from a vibration travels 
from the CVD system 3910 or the floor 3950. This vibration has an amplitude of at most plus or minus severai ten 
micrometers, and the bellow 3971 does not displace to a significant degree due to scanning. To surely activate the 
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vibration isolation function in scanning operation with a rectangular beam, the relative distance between the second 
stopper member 41 48 and the position detector 41 49 in the vibration isolation stage 3940 should be set at a level some- 
what larger than an expected displacement. For example, the relative displacement is set at 200 urn. In this case, vibra- 
tions from the floor 3950 are absorbed by the plural vibration Isolation stages 3940 through the feedback control 

5 function, and vibrations from the CVD system 391 0 are absorbed by the bellow 3971 . 

[0098] Next operations In a low precision scanning with long beams will be described. When long beams are used 
for processing, the processing stage 3922 in the process chamber 3921 moves, and the location of center of gravity of 
the processing stage 3922 In the process chamber 3921 shifts, and the overall process stage is liable to tilt to a great 
degree. If the tilt is small, the same vibration Isolation function works as in the processing with rectangular beams. How- 

10 ever, if the tilt is large, the second stopper member 41 48 limits the function and the vibration isolation stage 3940 stops 
its function. If the vibration isolation stage 3940 does not function, the process chamber 3921 and the bellow 3971 inte- 
grally move, and the relative position between the process chamber 3921 and the bellow 3971 does not shift. Accord- 
ingly, the bellow 3971 Is not destroyed even if it undergoes large displacement. In this connection, the scanning 
precision with long beams allows large vibrations several ten times that in scanning with rectangular beams, and such 

is vibrations do not affect the scanning precision. 

[0099] Subsequently, an embodiment of the mechanical configuration of the Invented vacuum linear actuator mech- 
anism will be Illustrated In detail with reference to Figs. 28 and 29. A configuration suitable for use in a vacuum chamber 
. for laser annealing will be described herein. Such a vacuum chamber is symbolically indicated by dashed lines 43100 
in Fig. 30, and includes any vacuum chamber as far as it is usable in an atmosphere at a pressure from atmospheric 

20 pressure to about 1.0 x10* 8 Torr. 

[0100] The vacuum chamber 431 00 houses a stage base 4309 as a fixed base member at the bottom. At both side 
ends of the stage base 4309, Y axis linear bearings 431 5 and 4320 are mounted. The Y axis linear bearings 431 5 and 
4320 extend in parallel with each other in the Y axis direction, and serve to linearly guides a Y axis base 431 4 which is 
assembled on these bearings. At both side ends of the Y axis base 4314, a pair of X axis linear bearings 4307 are 

25 mounted. The X axis linear bearings 4307 extend in parallel with each other in the X axis direction, and serve to linearly 
guide an X axis base 4306 assembled on these bearings. To the X axis base 4306, a trolley 4403 Is attached. The trolley 
4403 supports a stage 4302 including a heating heater. On the stage 4302, a work (e.g., a glass) 4301 is placed. 
[0101] The X axis base 4306 is driven by a pair of X axis linear motors 4408. The X axis linear motors 4408 are 
arranged on the Y axis base 431 4 adjacent to the X axis linear bearings 4307. The position of the X axis base 4306 is 

30 detected by an X axis linear encoder 441 0. The X axis linear encoder 441 0 is arranged on the Y axis base 431 4 adja- 
cent to one of the X axis linear motors 4408. This configuration serves to directly drive the X axis base 4306 and to 
directly detect its position. This eliminates deterioration of precision due to backlash according to conventional technol- 
ogies, and can yield quick responses. 

[0102] The Y axis base 4314 is driven by two linear motors 4318 and 4323. The linear motors 4318 and 4323 are 

35 placed on the stage base 4309 and can be independently controlled. The position of the Y axis base 4314 Is detected 
at two points opposite to each other by two linear encoders 4316 and 4321. The linear encoders 4316 and 4321 are 
arranged on the stage base 4309 adjacent to the linear motors 4318 and 4323, respectively. This configuration also 
eliminates deterioration of precision due to backlash and can yield quick responses, as In the X axis. In addition, the 
position In the Y axis direction is detected by the linear encoders 431 6 and 4321 at two points, at opposite ends. of the 

40 Y axis base 431 4. This configuration can detect and control minute rotation of the Y axis base 431 4 with reference to a 
difference between individual measurements. The minute rotation of the Y axis base 4314 means a rotation around the 
Z axis which is perpendicular to X- and Y-axes, and is hereinafter referred to as "rotation G around the Z axis". 
[0103] To prevent heat irradiated by the heater of the stage 4302 from transferring into the X axis base 4306 and 
the Y axis base 4314, a water-cooled plate 4304 is arranged between the trolley 4403 and the X axis base 4306. The 

45 X axis base 4306 also includes a water-cooling mechanism to prevent troubles in, for example, the linear bearings, due 
to radiant heat from the heater of the stage 4302. In addition, coils of individual linear motors evolve heat during oper- 
ation of the stage. Thus, the individual linear motors include X axis motor coil cooling plates 441 1 and Y axis motor coil 
cooling plates 431 9 and 4324, respectively, and these cooling plates cool the coils of the linear motors. Likewise, to pre- 
vent damage or deterioration of precision due to thermal deformation, the X axis linear encoder 431 0 and Y axis linear 

so encoders 431 6 and 4321 Include, respectively, an X axis encoder cooling plate 441 2 and Y axis encoder cooling plates 
431 7 and 4322. These plates maintain the encoders at constant temperatures. 

[0104] The system further includes a cable guide 4413 corresponding to the X axis linear encoder 441 0, and cable 
guides 4326 respectively corresponding to the Y axis linear encoders 431 6 and 4321 . These cable guides guide cables 
for detective signals from the X axis linear encoder 441 0 and the Y axis linear encoders 431 6 and 4321 to a fixed unit, 
55 as these encoders move. 

[0105] An embodiment of the invented mask stage driving mechanism will be illustrated below with reference to 
Figs. 31 and 32. The configuration of the stage will now be described from top to bottom in turn. The stage includes a 
base plate 4601 fixed to a fixed unit not shown. The base plate 4601 has a large round opening in the center. The base 
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plate 4601 includes a cross roller bearing 4703 mounted at the edge of the opening, and comprises a 9 axis movable 
unit 4604 arranged on its lower surface side. The 6 axis movable unit 4604 is rotatably arranged around the G axis, i.e., 
the Z axis via the cross roller bearing 4703. The e axis movable unit 4601 also has an opening at its center correspond- 
ing to the opening of the base plate 4601 . Under the G axis movable unit 4604, the stage includes a Y axis movable unit 
s 4707. The Y axis movable unit 4707 is movably arranged in the Y axis direction via a pair of Y axis linear bearings 4707. 
The Y axis linear bearings extend in parallel with each other in the Y axis direction. The Y axis movable unit 4707 also 
has an opening at its center corresponding to the opening of the base plate 4601 . 

[0106] The Y axis movable unit 4707 comprises an X axis movable unit 4610 in a space formed for ensuring the 
arrangement of the Y axis linear bearings 4706. Lifting air bearings 461 1 and yaw-guide air bearings 4615 and 4616 
w guide the X axis movable unit 4610 In the X axis direction. The X axis movable unit 4610 also has an opening at its 
center corresponding to the opening of the base plate.4601 . 

[0107] Specifically, the X axis movable unit 461 0 is positioned between the G axis movable unit 4604 and the Y axis 
movable unit 4707 and is arranged movably in the X axis direction via plural lifting air bearings 461 1 . The lifting air bear- 
ings 461 1 are arranged on a surface of the Y axis movable unit 4707 facing the X axis movable unit 461 0. The lifting air 
15 bearings 461 1 serve to float the X axis movable unit 4610 by blowing a compressed air to the lower surface of the X 
axis movable unit 4610. The mechanism shown in the figures Includes three lifting air bearings 461 1 arranged at angu- 
lar intervals of 120 degrees. 

[0108] The X axis movable unit 4610 is composed of a magnetic material. The Y axis movable unit 4707 further 
comprises attraction magnets 461 8 at plural points on the surface facing the X axis movable unit 461 0. In this example, 

20 a total of nine magnets 461 8, i.e., each three magnets around three lifting air bearings 461 1 , are arranged. In addition, 
the X axis movable unit 4610 has two edges in parallel with the X axis direction. By using these edges, the yaw-guide 
air bearings 461 5 and 461 6 arranged on the Y axis movable unit 4707 guide the X axis movable unit 461 0 in the X axis 
direction. Each two yaw-guide air bearings 4615 and 4616 are arranged for each of the edges of the X axis movable 
unit 4610. In addition, the two yaw-guide air bearings 4616 for one edge of the X axis movable unit 4610 respectively 

25 include pre-load pistons 4620 In combination to apply a pre-load onto the one edge. With the X axis movable unit 461 0, 
a mask stage 4730 is combined via a boss 471 0-1 . The mask stage 4730 has an opening at its center and projects from 
the lower side of the Y axis movable unit 4707, and has a supporting unit for a mask 471 4 at its bottom. The opening of 
the mask stage 4730 is somewhat smaller than the opening of the base piate 4601 . 

[0109] The mask stage is thus configured to have three degrees of freedom in the X, Y, and G axes. The output axis 
30 of a G axis driving motor 4605 moves in the axial direction according to the rotation of the G axis driving motor 4605 to 
push a G axis driving plate 4619. This operation allows the G axis movable unit 4606 to rotate counterclockwise around 
the Z axis relative to its center. The output axis of the G axis driving motor 4605 is not fixed to the driving plate 4619. A 
traction spring 4617 is therefore arranged between the base plate 4601 and the G axis movable unit 4604 to apply a pre- 
load in a clockwise direction. This configuration prevents backlash and irregular rotation due to, for example, friction of 
35 the cross roller bearing 4703. The rotation angle of the G axis movable unit 4604 is determined by a hollow rotary 
encoder 4702 to ensure its precision. The rotary encoder 4702 is combined to a rotation axis 4704-1, and the rotation 
axis 4701-1 is mounted on the G axis movable unit 4604 and integrally rotates therewith. Thus, the rotation precision of 
the G axis movable unit 4604 is ensured. 

[0110] A Y axis linear motor 4608 is arranged between the edge of the G axis movable unit 4604 and the edge of 

40 the Y axis movable unit, and drives the Y axis movable unit 4707 in the Y axis direction. The position of the Y axis mov- 
able unit 4707 is determined by a Y axis linear encoder 4709 arranged in the vicinity of the Y axis linear motor 4608. 
An X axis linear motor 471 3 drives the X axis movable unit 461 0. The X axis linear motor 4713 is arranged under the Y 
axis movable unit 4707, and its movable part is connected to the boss 471 0-1 to drive the X axis movable unit 461 0 and 
the boss 4710-1 in the X axis direction. The position of the X axis movable unit 4610 is determined by an X axis linear 

45 encoder 461 2 arranged between the lower side of the Y axis movable unit 4707 and the boss 471 0-1 . 

[011 1] The guide mechanism of the X axis movable unit 461 0 will be illustrated in further detail below. In an actual 
operation, a laser light is applied onto a work (not shown) placed under the mask using the opening of the center as an 
optical path, while the work is scanned with the laser light at a constant speed. The X axis movable unit 4610 therefore 
requires a high trackability and alignment accuracy (registration). Accordingly, the guide mechanism of the X axis mov- 

50 able unit 461 0 employs hydrostatic bearings, and comprises two vertical (radial) and horizontal guide mechanisms. The 
lifting air bearings 461 1 mounted on the Y axis movable unit 4707 and the guide surface of the X axis movable unit 461 0 
constitute the hydrostatic bearing for vertical guiding. Particularly, to ensure a gap (about 5 to 10 urn) to obtain a high 
guide rigidity, a pre-load is applied by attraction of the plural magnets 461 8 mounted on the Y axis movable unit 4707. 
[0112] Generally, air bearings are fixed to a movable unit side. However, In this mechanism, lifting air bearings 461 1 

55 are fixed not to the X axis movable unit 461 0 but to the Y axis movable unit 4707 which constitutes a base for the X axis 
movable unit 461 0. This configuration utilizes a short stroke necessary for the X axis movable unit 4610, and reduces 
the weight of the X axis movable unit 461 0 and decreases the number of connected air-supply tubes to the air bearings. 
Such air-supply tubes disturb the movement of the X axis movable unit 461 0. 
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[0113] Two pairs of the yaw-guide air bearings 4615 and 4616 mounted on the X axis movable unit 4610 constitute 
the hydrostatic bearing for horizontal guiding of the X axis movable unit 461 0, These two pairs of yaw-guide air bearings 
4615 and 4616 sandwich the X axis movable unit 4610. The two yaw-guide air bearings 4615 are respectively sup- 
ported by expanding bolts 4621 . Each of the expanding bolts 4621 is mounted on the X axis movable unit 461 0 and its 
tip is In contact with the yaw-guide air bearing 4615. By adjusting the degree of protrusion of each expanding bolt, the 
horizontal position of the X axis movable unit 461 0 can be controlled. 

[0114] The yaw-guide air bearings 461 6 are arranged in an opposite side to the yaw-guide air bearings 4615, and 
are supported by pre-load pistons 4620 with a constant force. This configuration can maintain constant hydrostatic 
bearing gaps without being affected by, for example, thermal deformation, mechanical processing precision, and 
assembling errors of the X axis movable unit 461 0, the Y axis movable unit 4707, and other components. 
[0115] All the support points of the air bearings are spherically supported by ceramic balls. Even if the parallelism 
between the air bearing surface and a counter surface is lost due to waviness, thermal deformation, and other deforma- 
tion of the counter surface, such loss in parallelism can be absorbed to some extent. 

[01 1 6] Figs. 33 and 34 each show a schematic diagram of a stage unit for a vacuum chamber Including the invented 
pneumatic tilt mechanism; The stage unit is placed in a vacuum chamber that can obtain vacuum or reduced pressure. 
In these figures, the vacuum chamber is not shown. 

[0117] The Invented pneumatic tilt mechanism includes a base 5102, three bellows cylinders 5104-1, 5104-2, and 
5104-3, and a plate spring 5103 on the base 5102 to support a stage 5201. The bellows cylinders are pneumatically 
driven. The plate spring 5103 is in the shape of a cross. The stage 5201 includes a platform on its lower side, and the 
center (intercept) of the plate 51 03 is fixed to the platform with, for example, bolts. Four edges of the plate spring 51 03 
are respectively fixed via supports 5202-1 to the base 51 02. 

[0118] Each of the bellows cylinders 5104-1, 5104-2, and 5104-3 includes a pneumatic cylinder sealed by bellows. 
Even if the air leaks from the pneumatic cylinder, this configuration can prevent the leak air from migrating into the vac- 
uum chamber. 

[0119] The pneumatic tilt mechanism allows the plate spring 5103 to support the stage 5201 , and permits the bel- 
lows cylinders 51 04-1 , 51 04-2, and 51 04-3 to expand and contract by supplying a compressed air to the bellows cylin- 
ders 5104-1, 5104-2, and 5104-3. The pneumatic tilt mechanism thus adjusts the height and tilt of the stage 5201 . 
[0120] Fig. 35 illustrates the configuration of an irradiation optical sysitem 5420. A laser light AL Is launched from a 
laser source (not shown) Into a homogenlzer 5421 . The homogenizer 5421 includes first to fourth cylindrical lens arrays 
CA1 to CA4, and a condenser lens 5521a. The cylindrical lens arrays CA1 to CA4 serve to independently control ver- 
tical and horizontal beam sizes. The condenser lens 5521 a serves to condense the laser light. The first and third cylin- 
drical lens arrays CA1 and CA3 have a curvature in a cross section in parallel with the paper plane, and the second and 
fourth cylindrical lens arrays CA2 and CA4 have a curvature in a cross section perpendicular to the paper plane. 
[0121] The laser light AL is launched from the homogenizer 5421 via a turning mirror 5525 Into a mask assembly 
5422. The mask assembly 5422 includes a mask 5522a, a reflecting member 5522b, and a field lens 5522c. The mask 
5522a has a pattern on its lower surface 5580. The pattern is to be irradiated with the laser light AL and to be applied 
to a work W. The reflecting member 5522b inhibits the laser light AL from entering the periphery of a light transmitting 
region (i.e., opening) of the pattern of the mask 5522a and from causing reflected light The field lens 5522c adjusts the 
pupil position. The reflecting member 5522b is arranged at an angle to the mask 5522a, and a reflected light RL from 
an upper surface 5581 of the reflecting member 5522b exits in a direction out of an optical axis OA and enters a beam 
damper 5526 via the field lens 5522c. The field lens 5522c can be considered to constitute a portion of the homogenizer 
5421. 

[0122] The laser light AL passed through the mask 5522a enters a projection lens 5423. The projection lens 5423 
reduces and projects, i.e., forms an image and move, a silt image onto a processing surface of the work W. The slit 
image is a transmitted patterned light formed on the mask 5522a which is illuminated by the laser light AL 
[0123] Next, a first embodiment of the CVD system according to the invention will be illustrated with reference to 
Figs. 36 and 37. In the CVD system shown in Fig. 36, a silicon oxide film as a gate insulating film is formed on a con- 
ventional TFT glass substrate 711 1, using, preferably, silane as a material gas. A casing 7112 of the CVD system is a 
vacuum casing, and the inside of the casing Is maintained at a desired degree of vacuum during film forming operation 
by action of an evacuating mechanism 7113. The evacuating mechanism 7113 Is connected to an evacuating port 
71 12b-1 formed In the vacuum casing 71 12. 

[0124] The vacuum casing 71 12 houses a partition 71 14 at midpoint in a vertical direction. The partition 71 14 is 
composed of a conductive material and is arranged in a nearly horizontal position, and has, for example, a square plane 
shape. The periphery of the partition 71 1 4 is In contact with a peripheral wall of the vacuum casing 71 1 2. The partition 
71 14 serves to separate the Inside of the vacuum casing 71 12 to two chambers, i.e., upper and lower chambers. The 
upper chamber forms a plasma-generating space 71 15, and the lower chamber forms a film forming space 7116. The 
partition 71 14 has a target specific thickness, and an overall flat form. The plane shape of the partition 71 14 is similar 
to the horizontal sectional shape of the vacuum casing 71 1 2. The partition 71 1 4 has an Inner space 71 24. 
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[0125] The glass substrate 71 11 is placed on a substrate supporting mechanism 71 17 In the film forming space 
71 1 6. The glass substrate 71 1 1 is substantially in parallel with the partition 71 1 4 and Is arranged In such a manner that 
its film forming surface (upper surface) faces the lower surface of the partition 71 1 4. The potential of the substrate sup- 
porting mechanism 7117 Is maintained at a grounding potential Identical to the potential of the vacuum casing 7112., 
5 The substrate supporting mechanism 71 1 7 further Includes a heater 71 1 8 inside thereof. The heater 71 1 8 serves to. 
maintain the temperature of the glass substrate 71 1 1 at a predetermined level. 

[0126] The configuration of the vacuum casing 71 1 2 will now be described. The vacuum casing 71 1 2 comprises an 
upper casing 71 1 2a and a lower casing 71 1 2b for easier assembling of the casing. The upper casing 71 1 2a forms the 
plasma generating space 71 15, and the lower casing 71 12b forms the film forming space 71 1 6. When the upper and 

w tower casings 71 12a.and 71 12b are assembled into the vacuum casing 71 12, the partition 71 14 is interposed between 
the both casings. The partition 71 14 is mounted In such a manner that the periphery of the partition conies in contact 
with a lower Insulating member 7122 of annular insulating members 7121 and 7122. The annular insulating members 
7121 and 7122 are Interposed between the upper casing 71 12a and an electrode 7120, when the electrode 7120 Is 
arranged. This configuration separates and forms the plasma generating space 71 1 5 and the film forming space 71 1 6 

15 respectively on the upper side and lower side of the partition 71 14. Specifically, the partition 71 14 and the upper casing 
7112a constitutes the plasma generating space 7115. In the plasma generating space 7115, the partition 7114, the 
upper casing 71 12a, and the plate electrode (radio frequency electrode) 7120 constitute a region where a plasma 71 19 
is generated. The electrode 7120 Is located nearly at the midpoint between the partition 7114 and the upper casing. 
71 12. The electrode 7120 has plural holes 7120a. The upper casing 71 12a Includes the two annular Insulating mem- 

20 bers 7121 and 7122 along the side inner surface thereof. The partition 7114 and the electrode 7120 are supported and 
fixed by the annular insulating members 7121 and 7122. The annular Insulating member 7121 comprises an Inlet pipe 
7123 to bring an oxygen gas Into plasma generating space 71 15 from the outside. The inlet pipe 7123 Is connected via 
a mass flow controller (not shown) to an oxygen gas source (not shown). The mass flow controller controls the flow rate. 
[0127] The partition 71 1 4 separates the inside of the vacuum casing 71 1 2 Into the plasma generating space 71 15 

25 and film forming space 71 16. The partition 71 14 has a plurality of through holes 7125. The through holes 7125 meet 
predetermined conditions and pass through the inner space 7124 and are distributed. Only the through holes 7125 
allow the plasma generating space 71 15 to communicate with the film forming space 7116. The inner space 7124 
formed in the partition 71 14 serves to disperse the material gas to thereby uniformly supply the material gas to the film 
forming space 71 16. In addition, the lower wall of the partition 71 14 includes plural diffusion holes 7126 to supply the 

30 material gas to the film forming space 7116. The through holes 7125 and the diffusion holes 7126 are respectively 
made so as to meet the following predetermined conditions. To the inner space 7124, an inlet pipe 7128 is connected 
for bringing the material gas into the inner space 71 24, The inlet pipe 71 28 is connected to the lateral side of the inner 
space 7124. The inner space 7124 includes a uniformizing plate 7127 nearly horizontally. The unlformizing plate 7127 
has plural perforated holes 7127a so as to homogeneously supply the material gas from the diffusion holes 7126. As 

35 shown in Fig. 37, the uniformizing plate 71 27 separates the inner space 71 24 of the partition 71 1 4 into two, upper and 
lower spaces 7124a and 7124b. The material gas supplied via the inlet pipe 7128 into the inner space 7124. By the 
above configuration, the material gas is supplied into the upper space 7124a, is brought through the holes 7127a of the 
uniformizing plate 71 27 Into the lower space 71 24b, and is diffused through the diffusion holes 71 26 Into the film forming 
space 71 1 6. The configuration can evenly supply the material gas to the overall film forming space 71 1 6. 

40 [0128] Fig. 37 is an enlarged view of a portion of the partition 71 1 4, i.e., essential parts of the through holes 71 25, 
the diffusion holes 7126 and the uniformizing plate 7127, For example, the through holes 7125 have a larger diameter 
on the plasma generating space 71 15 side, and a throttled, smaller diameter on the film forming space 71 1 6 side. 
[0129] The upper casing 71 1 2a includes a power supply rod 7129 on its ceiling. The power supply rod 7129 Is con- 
nected to the electrode 7120, and supplies a radio frequency power to the electrode 71 20 for discharging. The electrode 

45 7120 serves as a radio frequency electrode. The power supply rod 7129 Is thus covered with an insulator 7131 to insu- 
late the rod from other metallic parts. 

[0130] A process for forming a film with the CVD system configured as above will be described. The glass substrate 
71 1 1 is transferred into the vacuum casing 71 12 and is placed on the substrate supporting mechanism 71 1 7 by a mov- 
ing robot not shown. The inside of the vacuum casing 71 12 is evacuated and is maintained under reduced pressure at 
so a predetermined degree of vacuum by the evacuating mechanism 71 13. An oxygen gas is then supplied through the 
Inlet pipe 7123 into the plasma generating space 71 15 In the vacuum casing 71 12. The flow rate of the oxygen gas Is 
controlled by the exterior mass flow controller. The flow velocity (u) of the oxygen gas is calculated according to the fol- 
lowing equations (1) and (2): 



55 



Q 02 = P02 uA 



(1) 



P 02 = (P02 RJ ) /M 



(2) 
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wherein Q 0 2 is the flow rate of oxygen gas, P 02 is the pressure of oxygen gas, p 02 is the density of oxygen gas, R is 
the gas constant, and T is the temperature. 

[0131] Separately, silane as the material gas is supplied via the inlet pipe 7128 into the inner space 7124 of the par- 
tition 71 14. The silane is at first supplied into the upper space 7124a of the inner space 7124, is uniformized through 
5 the uniformizing plate 7127, diffuses to the lower space 7124b and is then supplied through the diffusion holes 7126 
directly Into the film forming space 71 16. Specifically, the silane Is introduced Into the film forming space 71 16 without 
coming In contact with a plasma. As the heater 71 18 is energized, the substrate supporting mechanism 71 1 7 in the film 
forming space 7116 Is held at a predetermined temperature in advance. 

[0132] In this state, a radio frequency power is supplied through the power supply rod 71 29 to the electrode 7120. 
10 The radio frequency power causes electric discharge to form an oxygen plasma 71 1 9 around the electrode 71 20 In the 
plasma generating space 71 15. The generation of the oxygen plasma 71 19 invites the formation of radicals (excited 
active species), neutral excited species. 

[0133] In this configurations the inner space of the vacuum casing 7112 is separated into the plasma generating 
space 71 1 5 and the film forming space 71 1 6 by the partition 71 1 4 composed of a conductive material. When a film Is 

is formed on the surface of the substrate 71 1 1 , In the plasma generating space 71 15, the oxygen gas is introduced and 
the radio frequency power is supplied to the electrode 7120 to form the oxygen plasma 71 19. Separately, Into the film 
forming space 71 16, the material gaseous silane is supplied via the inner space 7124 and the diffusion holes 7126 of 
the partition 71 14 and is directly brought. The radials in the oxygen plasma 71 19 generated in the plasma generating 
space 71 15 are brought through the plural through holes 7125 of the partition 71 14 into the film forming space 71 1.6, 

20 and the silane is brought through the inner space 7124 and the diffusion holes 7126 of the partition 71 14 and is directly 
introduced into the film forming space 71 1 6. The configuration (shape) of the through holes 71 25 inhibits back-diffusion 
of the directly-Introduced. silane from the film forming space 7116 to the plasma generating space side. As is thus 
described, the material gaseous silane is directly brought Into the film forming space 71 1 6 without coming in direct con- 
tact with the oxygen plasma 71 19, and the silane can be prevented from vigorously reacting with the oxygen plasma. In. 

25 this manner, a silicon oxide .film is formed on the surface of the substrate 71 1 1 placed in the film forming space 71 1 6 
facing the lower side of the partition 7114. 

[0134] In the above configuration, the sizes and other dimensions of the plural through holes 7125 of the partition 
71 1 4 are determined so as to limit the transfer of the oxygen gas to a target range, provided that the oxygen gas In the 
plasma generating space 71 15 constitutes a mass transfer flow In the through holes, and that the silane In the film form- 

30 ing space 71 16 diffuses and moves through the through holes 7125 into the plasma generating space 71 15. Specific 
cally, the dimensions are determined to meet the relationship uL/D>1 , wherein D Is the mutual gas diffusion coefficient 
of the oxygen gas and silane passing through the through holes 71 25 of the partition 71 1 4 at a temperature T, L is the 
length (characteristic length of the through holes) of a portion of the through holes 71 25 having the minimum diameter, 
and u is the gas flow velocity. The requirements in dimensions of the through holes are preferably applied In the same 

35 manner to the diffusion holes 7126 In the partition 7114. 

[0135] The relationship uL/D>1 can be derived in the following manner. For example, the relationship of the oxy- 
gen and silane moving through the through holes 7125 Is in accordance with the following formula (3), wherein p S iH4 is 
the density of the silane gas, u S | H4 is the diffusion flow velocity, and D S j H 4_o2 Is the mutual gas diffusion coefficient. 
When the characteristic length of the through hole is defined as L, the equation (3) can be made approximations to the 

ao following equation (4), By comparing both sides of the equation (4), the diffusion flow velocity of silane u S iH4 is 
expressed by -D S | H4 _o2/L When the oxygen flow velocity obtained according to the above equations (1) and (2) is 
defined as u, and the diffusion flow velocity of silane is defined as -D S i H4 _ 0 2/U the ratio between absolute values of 
these flow velocities, i.e., l-u/(-D S iH4-02 /L )' = uL/D siH4-02 is the ratio of the oxygen mass transfer rate to the silane dif- 
fusion rate. The ratio uL/D S | H4 .02 of 1 or more means that the flow rate through convection is larger than the flow rate 

45 through diffusion. Specifically, the ratio ulVDs^Qg set at 1 or more means that the diffusion of silane less affects the 
transfer of the silane. 

P SiH4 U SiH4 = "D SiH4-029 rad P SiH4 ( 3 ) 
50 P SiH4 U SiH4 s ' D SiH402P SIH4 /L ( 4 ) ' 

[0136] Next, a practical example wilt be described. The value calculated according to the equation (4) Is 1 1 , on con- 
dition that film-formation Is performed at a temperature of the partition of 71 14 of 300°C, at a diameter of the through 
hole 7125 In the partition 71 14 of 0.5 mm, a length (L) of 3 mm of the portion having a diameter of 0.5 mm with a total 
55 of 500 through holes 71 25, at a gas flow rate of oxygen gas of 500 seem, at a pressure of the film forming space 71 1 6 
of 100 Pa. In this case, the mass flow of the oxygen affects the transfer of the silane gas satisfactorily more than the 
diffusion of the silane gas, and the silane gas Is less diffuses into the plasma generating space 71 15. 
[0137] As thus described, the partition 71 14 having a multitude of the through holes 7125 and diffusion holes 7126 
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with the above characteristics separates and isolates the plasma generating space 71 15 and the film forming space . \ 
71 16 from each other to respectively form closed chambers. The silane directly brought Into the film forming space 
71 1 6 cannot significantly come in contact with the oxygen plasma. According to the Invented system, the silane can be 
prevented from vigorously reacting with the oxygen plasma as In conventional equivalents, 

5 [0138] Next, a second embodiment of the Invented CVD system will be illustrated with reference to Fig. 38. In Fig. 1 
38, components substantially the same with the components described in Fig. 36 have the same reference numerals, 
and detailed descriptions of these components are not repeated herein. A characteristic configuration of the second 
embodiment is that the inside of the ceiling of the upper casing 71 1 2a includes a plate insulating member 7333 and the 
electrode 71 20 Is arranged below the plate insulating member 7333. The electrode 71 20 is a self plate without the holes 

10 7120a. The electrode 7120 and the partition 71 14 constitute the plasma generating space 71 15 with a parallel plate 
electrode configuration. Other configurations are substantially the same as those of the first embodiment. In addition, 
the operations and advantages of the CVD system according to the second embodiment are the same as in the first 
embodiment. 

[0139] Subsequently, a third embodiment of the Invented CVD system will now be illustrated with reference to Fig. 

15 39. In Fig. 39, components substantially the same with the components described in Fig. 36 have the same reference 
numerals, and detailed descriptions of these components are not repeated herein. The configuration of the third 
embodiment is featured by that the annular insulating member 7122 formed inside of the sidewall of the upper casing. 
71 12a additionally includes a second gas inlet pipe 7423. The second gas inlet pipe 7423 brings a cleaning gas from 
the outside into the plasma generating space 71 15. The second gas inlet pipe 7423 is connected via a mass flow con- 

20 trailer (not shown) for controlling the flow rate to a cleaning gas source (not shown). When a cleaning gas Is brought via 
the second gas inlet pipe 7423 into the plasma generating space 7115 and a radio frequency power is supplied from 
the radio frequency power source to the electrode 7120, a plasma is generated in the plasma generating space 71 15. 
This plasma serves to form radicals for use in cleaning of the film surface on the substrate 71 1 1 . Such cleaning gases 
include, for example, NF 3 , CIF 3 , C 2 F 4> C 2 F 6 , H 2 , 0 2 , N 2 , F 2 , Ar, and other rare gases and halide gases. Other configu- 

25 rations of this embodiment are the same with those in the first embodiment. 

[0140] The gas inlet pipe 7123 and the second gas inlet pipe 7423 are controlled to use either one of these inlet 
pipes. In the present embodiment, Initially the cleaning gas is introduced to clean the film surface on the substrate 71 1 1 , 
and the film forming gas Is then introduced to form a gate insulating film on the film surface on the substrate 7111, 
[0141] Specifically, the substrate 71 1 1 having a laser-annealed film (polysilicon film) on its surface is mounted on 

30 the substrate holder 71 17, and the cleaning gas is then introduced via the second gas inlet pipe 7423 into the plasma 
generating space 71 1 5, and a radio frequency power is supplied via the power supply rod 71 29 to the electrode 71 20. 
By this procedure, electric discharge Is initialed in the plasma generating space 7115 to generate a cleaning gas 
plasma 7419. As a result, radicals are formed in the plasma and diffuse through the plural through hoes 7125 of the 
partition 71 1 4 into the film forming space 71 1 6. The radicals then clean the surface of the film formed on the substrate 

35 7111. This configuration can remove impurities formed on the film surface of the substrate after laser annealing. 

[0142] After the substrate cleaning process Is completed to satisfy predetermined conditions, the oxygen gas is 
bought from the gas inlet pipe 7123 into the plasma generating space 71 15, and a radio frequency power is supplied 
via the power supply rod 71 29 to the electrode 71 20. By this procedure, electric discharge is initialed in the plasma gen- 
erating space 71 15 to yield the oxygen plasma 71 1 9. As a result, radicals are formed in the plasma and diffuse through 

40 the plural through hoes 71 25 of the partition 7114 into the film forming space 7116, Concurrently with the supply of the 
radicals, the material gas is supplied from the inlet pipe 7128 through the partition 71 14 into the film forming space 
71 16. In the film forming space 71 16, the radicals react with the material gas to form a gate insulating film on the film 
surface on the substrate 71 1 1 . 

[0143] The invented film forming system should be preferably maintained in vacuum.. 
45 [0144] Next, a process for the formation of a film using the systems according to embodiments of the invention will 
be described. 

[0145] Fig. 40 is an illustration of the invented film forming system. The numeral 71 1 2 in Fig, 40 is the vacuum cas- 
ing shown in Fig. 36. The vacuum casing 71 12 includes, the partition 71 14 having a multitude of through holes, the 
plasma generating space 71 15, and the film forming space 71 1 6, and the partition 71 1 4 separates the plasma gener- 

so ating space 71 15 from the film forming space 7116. 

[0146] The overall system in Fig. 40 includes a film forming material gas supply unit 7512. The materiel gas is sup- 
plied from the film forming material gas supply unit 7512 via a gas inlet path 7513 including a mass flow controller 
(MFC) 7513a Into the inner space 7124 in the partition 71 14. Such material gases include SIH 4 and other silicon hydride 
compounds (Si n H 2m . 2 , where n is an integer of 1 or more). In the film forming space 71 16, the material gas Introduced 

55 through the inner space 7124 in the partition 71 14 reacts with the radicals Introduced through the multitude of through 
holes 7125 In the partition 71 14, and the material gas is decomposed to deposit a thin film of silicon oxide on the sub- 
strate transferred into the film forming chamber. Thus, a film is formed. 

[0147] A host controller 7514 functions as a controller of the flow rate of the material gas in an MFC 7513a in the 
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gas inlet path 751 3. The controller 7514 can control the flow rate of the material gas In the MFC 7513a to thereby, con- 
trol the supply of the material gas brought into the film forming space 71 16 to a predetermined range, as described 
below. Fig. 41 is a graph showing an illustrative change of the malerial gas flow rate with the abscissa showing the time 
(t) and the ordinate showing the flow rate (seem) of the material gas. In this embodiment, the controller 7514 controls 

5 the flow rate of the material gas in the MFC 7513a In such a manner that the flow rate (supply flow rate) of the intro^ 
duced material gas to the film forming space 71 1 6 Is restricted at early stages of electric discharge, I.e., at early stages 
of film formation, and is then Increased. Next, the manner to restrict the supply rate of the material gas will be described. 
[0148] Fig. 42 Is a graph showing an illustrative control procedure of the supply flow rate of material gas, SIH 4 , with 
the abscissa showing the time and the ordinate showing the supply flow rate. In the time abscissa, times to, t 1t and ^ 

10 are set. As the plasma generating gas, for example, oxygen (0 2 ) is employed. The time to is the time when the oxygen 
gas Is supplied Into the plasma generating chamber and electric discharge of the oxygen gas is started, i.e., the starting 
point of film formation. At the time t 1t the supply of SIH 4 starts. Accordingly, SiH 4 is not supplied from the time to until 
the time t1 . From the time tj until the time t 2 , the supply flow rate of SiH 4 gradually Increases with time and reaches a 
constant level at the time t^ From the time t2, the supply rate of SiH 4 is maintained at the constant level. By restricting 

15 the supply rate of the material gas at early stages of film formation including the Initiation of electric discharge (i.e., to 
to t 1t and around tj), the formation of a silicon oxide thin film containing excess silicon at early stages of film formation 
can be avoided. In addition, by gradually increasing the supply rate of the material gas thereafter, the film forming period 
can be shortened to thereby improve practical utility. 

[0149] From the time tj until time t 2 , the supply rate of the material gas may be controlled to Increase according to 
20 a step function, a proportional function, a linear function, a quadric function, an exponential function, and other func- 
tions. 

[0150] In the above embodiments, silane is employed as an example of the material gas. However, the material gas 
Is not limited to silane, and TEOS and other gaseous materials can be also employed. In addition, the Invention can be 
applied to film formation of not only silicon oxide films but also silicon nitride films. The principle of the invention can be 
25 applied to every treatment where the material gas comes in contact with a plasma to form particles and the incidence . 
of ions to the substrate adversely affects the process, and can be applied to film formation, surface treatments, isotropic 
etching, and other treatments. The partition indicated in the embodiments has a dual structure, but it may have a mul- 
tilayer structure. 

[0151] According to the invention as thus described, for example, when a silicon oxide film is formed on a large sub- 
30 strate from silane or another material gas, a vacuum casing includes a partition having plural through holes or diffusion 
holes that meet predetermined conditions. The partition separates the inside of the vacuum casing into a plasma gen^ 
erating space and a film forming space. An active species is formed in the plasma generating space and is brought 
through the through holes of the partition into the film forming space. Separately, a material gas Is brought through an 
inner space and diffusion holes of the partition and is directly introduced into the film forming space without coming in 
35 contact with a plasma. This configuration can inhibit a vigorous chemical reaction between the material gas and the 
plasma to thereby inhibit the formation of particles and incidence of ions into the substrate. 

[0152] In addition, the invented system can evenly bring the material gas, and can evenly supply the oxygen gas 
radicals through the plural through holes formed in the partition. This configuration can yield satisfactory distributions of 
the radicals and silane or another material in the vicinity of the surface of the substrate to thereby effectively form a film 
40 on a large substrate. 

[0153] Fig. 43 is a side sectional view of a clustered tool type system. This system includes a film forming chamber 
81 01 , a load-lock chamber 81 02, and a transfer chamber 81 03. The film forming chamber 81 01 serves to form a silicon 
oxide film as a gate insulating film on a substrate 81 09. The transfer chamber 81 03 includes a moving robot 81 30 as a 
moving means. 

45 [0154] The film forming chamber 8 101 includes a CVD unit 81 13 Inside thereof. In the CVD unit 81 13, a plasma is 
generated, and active species taken out from the plasma serve to form a silicon oxide film. The configuration of transfer 
chamber 8103 greatly features the system according to the present embodiment. As shown in Fig. 43, the transfer 
chamber 81 03 has a gas inlet system (hereinafter referred to as "pressure regulating gas inlet system") 81 32. The pres- 
sure regulating gas Inlet system 8132 brings a gas not adversely affecting the film formation Into the Inside the system 

so to regulate the inside pressure. In this embodiment, the pressure regulating gas inlet system 81 32 introduces hydrogen 
gas. The pressure regulating gas inlet system 81 32 comprises a flow regulator and a filter not shown and can introduce 
a highly purified pressure regulating gas at a predetermined fiow rate. 

[0155] The term "gas not adversely affecting the film formation" means and includes gasses which do not adversely 
affect the quality of the resulting thin film. Such gases Include hydrogen and other gases that do not directly affect the 
55 film formation, and gases that Improves the quality of the resulting film. 

[0156] The configuration where the transfer chamber 81 03 includes the pressure regulating gas inlet system 8132 
Is based on a characteristic technical concept of an evacuating unit 8131 of the transfer chamber 8103. Specifically, in 
the system according to the present embodiment, the pressure inside the transfer chamber 8103 is maintained at a 
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degree of vacuum somewhat lower than that inside the film forming chamber 81 01 . 

[0157] The evacuating unit 81 31 of the transfer chamber 81 03 has only to evacuate the inside of the transfer cham- 
ber to a relatively high pressure as above, and can be configured at low costs. As the evacuating unit 8131 of the trans- 
fer chamber 8103, for example, a combination of a dry pump and a mechanical booster pump can be employed. Both 

5 components are available at low cost. 

[0158] As the evacuating unit 8131 of the transfer chamber according to conventional equivalents, a system having, 
an exhaust speed larger than that in the film forming chamber 81 01 Is generally employed, and the inside of the transfer 
chamber 8103 is evacuated to a pressure lower than that in the film forming chamber. However, this configuration will 
results In an expensive evacuating unit 8131 . For example, to attain the pressure inside the film forming chamber 8101 

10 as stated above, a turbo-molecular pump or other expensive vacuum pumps are required. Specifically, if the target pres- 
sure Is 1 Pa or higher, the system can employ a cheap dry pump and a mechanical booster pump in combination, but 
if the target pressure Is lower than 1 Pa, a turbo-molecular pump or other expensive pumps are required. Such pumps 
are expensive several times the dry pump and the mechanical booster pump. 

[0159] Such a relatively high target pressure inside the transfer chamber 81 03 can shorten the evacuation opera- 

75 tion to thereby Increase the production efficiency of the overall system. 

[0160] The system according to this embodiment is also greatly featured in that the transfer chamber 81 03 includes 
a modifier supply unit 81 33. The modifier supply unit 81 33 supplies a chemical species (hereinafter referred to as "mod- 
ifier 0 ) having a modifying activity to the surface of the substrate 8109. This feature will be described in detail below. 
[0161] The modifier supply unit 81 33 serves to supply energy to a gas introduced by a modifying gas inlet system 

20 81 34 to form a plasma. The configuration of the modifier supply unit 81 33 will be illustrated with reference to Fig. 44. 
Fig. 44 is a schematic side sectional view of the configuration of the modifier supply unit 8133 in the transfer chamber 
81 03 of the system shown in Fig. 43. 

[0162] The modifier supply unit 8133 has substantially the same configuration as the system shown in Fig. 36. 
However, this unit has no material gas inlet system, and the partition 71 14 is a plate having plural holes. As shown in. 
25 Fig. 43, the modifier supply unit 8133 is placed in the transfer chamber 81 03 in the vicinity of a gate valve 81 04c at the 
boundary between the film forming chamber 8101 and the transfer chamber 8103, and is located above a transfer line 
of the substrate 8109. 

[0163] The modifying gas inlet system 8134 supplies a hydrogen gas to the plasma generating space, as in the 
pressure regulating gas inlet system 8132. The piping of the pressure regulating gas inlet system 8132 may be caused 
30 to branch to the modifier supply unit 8133. By this configuration, the pressure regulating gas inlet system 8132 also 
serves as the modifying gas inlet system 81 34. 

[0164] When a radio frequency power source goes into action while the modifying gas inlet system 8134 brings 
hydrogen gas into the plasma generating space, a plasma is generated and active hydrogen species flow out down* 
ward. The active hydrogen species act as a modifier In this embodiment and are supplied to the surface of the substrate 
35 to modify the surface. For example, when the surface of the substrate 81 09 Is oxidized, the oxidized surface is reduced 
by the modifier. If the surface has a bondable end, the active hydrogen species terminates the end to thereby chemically 
stabilize the surface. During the modification procedure, the substrate 8109 may be stopped on the transfer line or may 
be continuously transferred for a higher efficiency. 

[0165] A second embodiment of this type of system will be described below. The system according to the second 

40 embodiment is greatly characterized In that a laser annealing process and a gate insulating film forming process can 
be continuously performed in vacuo. These processes are required for the production of a TFT-LCD using a polysilicon 
film as a channel layer. In the system according to the second embodiment, the transfer chamber 8103 also includes 
the pressure regulating gas Inlet system 81 32, and the inside of the transfer chamber 81 03 is held at a pressure that is 
a vacuum pressure but is higher than 1 Pa and lower than that in the film forming chamber 8101. The pressure regulat- 

45 ing gas Inlet system 81 32 brings a hydrogen gas into the transfer chamber 81 03 as mentioned above. 

[0166] According to the second embodiment, the surface of the substrate 81 09 is modified by supplying a modifier 
after the annealing process. This configuration plays a very important role to improve the operating characteristics of 
the resulting TFT. A polysilicon film formed by crystallizing an amorphous silicon film in the annealing process has 
unbonded ends of silicon (dangling bonds) on its surface. If the atmosphere contains oxygen or other gases reactive 

so with silicon during movement of the substrate 81 09 from an annealing chamber (not shown) to the film forming chamber 
81 01 , such a reactive gas readily reacts with the dangling bonds of silicon to form a contaminated region oh the surface 
of the polysilicon film. If such a contaminated region is formed at an interface between the polysilicon film and the gate 
insulating film, the resulting TFT cannot have a stoichiometric composition. This is liable to cause defective levels and 
other problems that deteriorate the operating characteristics of the TFT. 

55 [0167] The system according to the present embodiment can avoid the above problems, by modifying the surface 
of silicon with active hydrogen species after the annealing process to thereby terminate the dangling bonds of silicon 
with hydrogen. In addition, the transfer chamber 8103 is held in vacuo at a relatively high pressure but is purged with 
hydrogen gas. This configuration can reduce reactions of dangling bonds, if any, with contaminates and Increases the 
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tendency of the dangling bonds to react with hydrogen to thereby terminate. By these operations and advantages, the 
system according to the present embodiment can markedly satisfactorily improve the Interface between a polysilicon 
film and a gate insulating film. This constitutes a very important technical point in the manufacture of polysilicon TFTs. 
[0168] The supply of a modifier by the modifier supply unit plays an important role in modification after the anneal- 

5 ing process. As described above, the surface of the substrate 81 09 may be modified by Ion injection other than the use 
of the active species. However, ion injection for modification after the annealing process causes problems. Specifically, 
the polysilicon film crystallized in the annealing process has a relatively weak crystal structure. Accordingly, when ions 
are injected, such weak bonds are readily broken to cause, for example, a roughened surface of the polysilicon film. As 
a result, the Interfaclal characteristics may be deteriorated or channel resistance may increase. 

w [0169] According to the present embodiment, the CVD unit 8113 is employed to generate a plasma in a region at a 
distance from the surface of the substrate and to supply the active species. Accordingly, ion is substantially not injected 
into the surface of the substrate and the system does not invite the above problems. 
[0170] Fig. 45 is a diagram illustrating the configuration of the Invented laser annealer. 

[0171] The laser annealer includes a stage 3210, a pair of laser sources 3221 and 3222, a composing optical sys- 
75 tern 3230, an irradiation optical system 3240, a mask driving unit 3250, a stage driving unit 3260, and a master control- 
ler 321 00. The stage 321 0 holds or supports a work W and is three-dimensionally smoothly movable. The work W Is a 
glass plate having an amorphous Si and another semiconductor thin film formed on its surface. The laser sources 3221 
and 3222 respectively produce a pair of laser beams LB1 and LB2 having different characteristics. The composing opti- 
cal system 3230 composes the laser beams LB1 and LB2 to yield a composite light CL. The irradiation optical system . 
20 3240 converts the composite light CL into a linear beam AB and launches the linear beam AB onto the work W at a 
predetermined illumination. The mask driving unit 3250 moves a mask 3242 formed in the irradiation optical system 
3240 to scan the work W with the projected linear beam AB. The stage driving unit 3260 moves the stage 3210 sup- 
porting the work W to a necessary degree relative to, for example, the irradiation optical system 3240. The master con- 
troller 321 00 generally controls the operations of individual units of the overall laser annealer. 
25 [0172] Both of the pair of laser sources 3221 and 3222 are excimer lasers or other pulsed laser sources for heating 
the semiconductor thin film on the work W. The laser sources 3221 and 3222 individually and independently produce a 
pair of laser beams LB1 and LB2 having different characteristics such as light emitting periods, peak intensities or 
wavelengths. 

[0173] The composing optical system 3230 serves to spatially combine the pair of laser beams LB1 and LB2 from 
30 the laser sources 3221 and 3222 to form the composite light CL, and includes a pair of knife-edge mirrors 3231 and 
3232 arranged In parallel with each other. Between the composing optical system 3230 and the both laser sources 3221 
and 3222, a divergent optical system 3271 and a telescopic optical system 3272 are respectively arranged as regula- 
tors. The divergent optical system 3271 serves as a regulating optical system to finely adjust the imaging position in the 
optical axis direction (beam forming position) of the first beam LB1 from the laser source 3221 . The image is formed by 
35 a homogenizer 3241 in the irradiation optical system 3240. The telescopic optical system 3272 serves as an afocal opti- 
cal system to adjust the beam size of the second beam LB2 from the laser source 3222 to thereby make the beam size 
identical to that of the first beam LB1 entered into the composing optical system 3230. 

[0174] The irradiation optical system 3240 includes a homogenizer 3241, a mask 3242, and a projection lens 3243. 
The homogenizer 3241 once divides the composite light CL from the composing optical system 3230 into plural divided 
40 beams and converts the divided beams into rectangular beams, and homogeneously superimposes and launches the 
beams onto a predetermined plane. The mask 3242 has a slit transmitting pattern and Is arranged on the predeter- 
mined plane to shield the composite light CL. The projection lens 3243 reduces and projects the transmitted pattern 
formed on the mask 3242 onto the work W as a linear beam AB. 

[0175] The stage driving unit 3260 drives the stage 321 0 and aligns a specific region on the work W relative to the 
45 irradiation optical system 3240. After the mask driving unit 3250 drives the mask to scan a predetermined region on the 
work W with the linear beam AB to laser-anneal the predetermined region, the stage driving unit 3260 also aligns the 
mask 3242 to stepwise move the mask to a region adjacent to the predetermined region. A position detector 3280 con- 
tinuously monitors the driving of the stage 3210 by the stage driving unit 3260. 

[0176] The operations of the system shown in Fig. 45 will now be illustrated in detail. Initially, the work W is moved 
so to and mounted on the stage 321 0 of the laser annealer. The work W on the stage 321 0 is then aligned relative to the 
irradiation optical system 3240. While moving the mask 3242 of the irradiation optical system 3240, the composite light 
CL obtained from the pair of laser sources 3221 and 3222 is launched as a linear beam AB onto a predetermined region 
on the work W. On the work W, a thin film of an amorphous semiconductor such as an amorphous Si is formed. The 
Irradiation and scanning of the thin film with the linear beam AB allows the predetermined region of the semiconductor 
55 to anneal and recrystallize to thereby yield a semiconductor thin film haying satisfactory electric characteristics. The 
laser annealing procedure Is repeated on plural predetermined regions on the work W, and the semiconductor thin film 
Is annealed In the plural predetermined regions. 

[0177] In the above system, the composing optical system 3230 spatially composes the pair of laser beams LB1 
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and LB2 from the pair of laser sources 3221 and 3222 to form the composite light CL Accordingly, the pair of laser 
beams LB1 and LB2 can be composed with minimized loss, and the composite light CL as a uniform rectangular beam 
relative to the pair of laser beams LB1 and LB2 can be formed on predetermined plane of mask 3242, by action of the 
homogenizer 3241 . In addition, the linear beam AB is obtained by efficiently composing the laser beams LB1 and LB2 

5 and can perform a variety of laser annealing procedures, 

[0178] Fig. 46 is a diagram illustrating the configuration of the composing optical system 3230 and Its surroundings. 
As is described above, the composing optical system 3230 Includes the pair of knife-edge mirrors 3231 and 3232, 
allows the first beam LB1 to pass through between a pair of knife edges 3231a and 3232a, and separates the second 
beam LB2 by the aid of the pair of knife edges 3231 a and 3232a. The divergent optical system 3271 finely adjusts the ' 

w Image-forming position of the first beam LB1 formed by the homogenizer 3241 and constitutes an afocal system includ- 
ing a convex lens 3271 a and a concave lens 3271 b in combination. The telescopic optical system 3272 serves to adjust: 
the beam size of the second beam LB2 to identical to that of the first beam LB1, and constitutes an afocal system 
including a concave lens 3272a and a convex lens 3272b in combination. Between the telescopic optical system 3272. 
and the composing optical system 3230, a turning mirror 3233 is arranged to guide the second beam LB2. Separately; 

15 the composite light CL obtained by composing the laser beams LB1 and LB2 enters the homogenizer 3241. The 
homogenizer 3241 includes first to fourth cylindrical lens arrays CA1 to CA4, and a convex condenser lens 3241 a. The 
first and third cylindrical lens arrays CA1 and CA3 have a curvature in a cross section in parallel with the paper plane, 
and the second and fourth cylindrical lens arrays CA2 and CA4 have a curvature in a cross section perpendicular to the 
paper plane. 

20 [0179] The outline of the operations will now be described below. The first laser beam LB1 passes through between 
the knife edges 3231 a and 3232a, i.e., a central pupil region of the homogenizer 3241 including the optical axis OA, and 
the second laser beam LB2 Is divided by the knife-edge mirrors 3231 and 3232 into two beams and the divided second 
beams pass through the each edge of the first beam LB1, i.e., a pair of peripheral pupil regions of the homogenizer 
3241 . The beams LB1 and LB2 thus respectively enter the homogenizer 3241 . The homogenizer 3241 has an entrance 

25 pupil size twice that of the beam size to allow the composite light CL enter the homogenizer. The condenser lens 3241a 
and other lens systems have been corrected for aberration according to the entrance pupil. 

[0180] The composite light CL entered the homogenizer 3241 is divided to a number of the segments constituting 
the cylindrical lenses by action of the first to fourth cylindrical lens arrays CA1 to CA4 to form divided secondary light 
sources. The light beams is launched from the divided secondary light sources into the condenser lens 3241a, and are 
30 superimposed on an irradiated surface IS at the back focus of the condenser lens 3241a to yield uniform rectangular 
beams. 

[0181] The divergent optical system 3271 and the telescopic optical system 3272 serve to prevent differences in 
focal position, beam size, and uniformity of the rectangular beams formed by the homogenizer 3241 . These differences 
are caused by beam characteristics and differences thereof of the first and second laser beams LB1 and LB2. 

35 [0182] The former divergent optical system 3271 slightjy changes the numerical aperture (NA) of the first beam LB1 
launched into the homogenizer 3241 to adjust the best focal position of the homogenizer 3241 and the beam size. The 
latter telescopic optical system 3272 serves to adjust the beam size of the second beam LB2 to identical to that of the 
first beam LB1 launched into the homogenizer 3241 . By these configurations, the laser beams LB1 and LB2 are respec- 
tively divided to the same number with each other by the cylindrical lens arrays CA1 to CA4 to yield an identical uni- 

40 formlty to each other. 

[0183] The operations will be illustrated in further detail below. The first beam LB1 enters through a beam delivery 
(e.g. a turning mirror) not shown into the divergent optical system 3271 for the first beam. The divergent optical system 

3271 Is a substantially 1 :1 afocal system and includes two lenses 3271 a and 3271 b. By changing the distance between 
the two lenses 3271a and 3271b, the divergent optical system 3271 can slightly adjust and change the NA of the out- 

45 going first beam LB1 from the divergent optical system 3271 without significantly changing the beam size of the first 
beam LB1 . In a practical example, the variable adjusting range of the exit NA (a beam divergence angle of the first beam 
LB1) by the divergent optical system 3271 is set to several milliradians. In this connection, the two lenses 3271 a and 
3271b constitute a two-element system of convex and concave lenses, and respectively have a little power. Even if the 
distance between the two lenses 3271 a and 3271 b is changed, the aberration does not significantly change. 

so [0184] The exit first beam LB1 from the divergent optical system 3271 only passes through between the two knife- 
edge mirrors 3231 and 3232, i.e., the central region of the-optical axis of the homogenizer 3241. The first beam LB1 
passed through between the knife-edge mirrors 3231 and 3232 enters the central portion (cylindrical lenses assigned 
to the first beam LB1) of the cylindrical lens array CA1 of the homogenizer 3241 , and is divided into a number (six In 
Fig. 46) of the cylindrical lenses. The Individual divided beams are superimposed by the condenser lens 3241 a to form 

55 a uniform beam on the irradiated surface IS. 

[0185] The second beam LB2 is launched through a beam delivery not shown into the telescopic optical system 

3272 for the second beam. The second beam LB2 launched into the telescopic optical system 3272 Is magnified or 
reduced In the optical system to have the identical beam size with that of the first beam LB1 , and comes out of this opti- 
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cal system toward the composing optical system 3230. The second beam LB2 Is divided by the knife-edge mirrors 3231 
and 3232 in the composing optical system 3230 Into two beam portions LB2a and LB2b. The beam portions LB2a and 
LB2b respectively pass through each side of the first beam LB1 toward the homogenizer 3241 . The both beam portions 
LB2a and LB2b enters outer periphery of the optical axis of the homogenizer 3241, i.e., both edges of the cylindrical 
5 tens array CA1 (cylindrical lenses assigned to the second beam LB2) of the homogenizer 3241 . The beam portions are 
then divided to a number of cylindrical lenses (in Fig. 46, a total of six including upper three and tower three). The indl^ 
vidual divided beams are superimposed by the condenser lens 3241 a to form a uniform beam on the irradiated surface 
IS. 

[0186] In the above description, both the first and second laser beams LB1 and LB2 is to "form a uniform beam on 
10 the Irradiated surface IS". Actually, the best focal positions of the both beams may differ from each other according to 
divergence angles of exit beams from the light source and other characteristics. When the best focal positions are dif- 
ferent, the beam sizes are often different. The differences in characteristics of the first and second beams LB1 and LB2 
must be neutralized. To this end, the best focal position of the second beam LB2 is determined as a true Irradiated sur- 
face IS (reference surface) and the best focal position of the first beam LB1 Is made in agreement with the true irradi- 
15 ated surface IS. Specifically, the exit NA of the first beam LB1 , I.e., the incident NA viewed from the homogenizer 3241 
Is changed by the divergent optical system 3271. According to the change in the incident NA viewed from the homog- 
enizer 3241 , the best focal position of the first beam LB1 after passing through the homogenizer 3241 is changed. This 
configuration can finely adjust the best focal position of the first beam LB1 to agree with that of the second beam LB2. 
In this connection, the relationship between the exit NA and the shift of the best focal position varies according to the 
20 tens configuration of the homogenizer 3241 , and detailed descriptions of these fine adjustment are omitted herein. 
[0187] Fig. 47 is a schematic diagram illustrating the configuration of a laser annealer as an embodiment of the 
invented laser processing system. 

[0188] This laser annealer serves to treat a work W with heat. The work W includes an amorphous Si or other sem- 
iconductor thin film on a glass substrate. The laser annealer includes a laser source 331 0, an irradiation optical system 
25 3320, and a process stage unit 3330. The laser source 331 0 produces a laser light AL such as excimer laser for heating 
the semiconductor thin film. The irradiation optical system 3320 converts the laser light AL Into a line form (a fine rec- 
tangular form) and launches the light onto the work W at a predetermined illumination. The process stage unit 3330 
supports the work W and allows the work W to smoothly move in the X-Y plane in a translational manner and to rotate 
around the Z axis. 

30 [0189] The irradiation optical system 3320 comprises a homogenizer 3321 , a mask assembly 3322, and a projec- 
tion lens 3323. The homogenizer 3321 ensures the incident laser beam AL to have a uniform distribution. The mask 
assembly 3322 has a mask on which a slit is formed, and the slit throttles the laser light passed through the homoge- 
nizer 3321 into a fine rectangular beam. The projection lens 3323 reduces and projects the slit image of the mask onto 
the work W. Of these components, the mask assembly 3322 is exchangeably supported on a mask stage unit 3340. 

35 The mask stage unit 3340 drives the mask assembly 3322, and the mask assembly 3322 is smoothly movable in the X- 
Y plane and is rotatable around the Z axis. 

[0190] The process stage unit 3330 is housed in a process chamber 3350, supports the work W in the process 
chamber 3350 and allows the work W to appropriately move relative to the irradiation optical system 3320. The laser 
light AL Is applied from the irradiation optical system 3320 via a process window 3350a onto the work W, while the work 

40 W is supported in an appropriate position In the process chamber 3350. 

[0191] The system includes, on each side of the projection lens 3323, a position detector or the like. The position 
detector includes a projecting unit 3361 and a light-receiving unit 3362. The projecting unit 3361 launches a detective 
light via the process window 3350a into the surface of the work W, and the light receiving unit 3362 detects a reflected 
light from the surface of the work W. Thus, the work W on the process stage unit 3330 can be precisely aligned relative 

45 to the irradiation optical system 3320. 

[0192] In this configuration, the mask stage unit 3340 and the projection lens 3323 are suspended by and fixed to 
a frame 3365 extending from the process chamber 3350. The homogenizer 3321 is indirectly fixed to the frame 3365, 
but this configuration Is not shown in the figure. 

[0193] The mask assembly 3322 supported by the mask stage unit 3340 Is hanged at the lower end of a cylindrical 
so mounting Jig 3370, and is inserted into the bottom of an insertion port 3340a formed in the mask stage unit 3340, and 
Is fixed thereto. The mask assembly 3322 includes a mask 3322a, a reflecting member 3322b, and a field lens 3322c, 
and Integrally holds the mask 3322a, the reflecting member 3322b, and the field lens 3322c. The mask 3322a has a slit, 
and the reflecting member 3322b is arranged over the mask 3322a at an angle relative to the mask 3322a, and Inhibits 
other optical elements from damage due to reflected light from the mask 3322a. The field lens 3322c adjusts the diver- 
55 gence angle of the laser light AL launched into the mask 3322a. 

[0194] Figs. 48A and 48B are diagrams showing the configuration of the mask stage unit 3340 and the way to sup- 
port the mask assembly 3322. Fig. 48A is a side sectional view of the mask stage unit 3340 and surrounding compo- 
nents, and Fig. 48B Is a top view of the mounting Jig 3370. 
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[0195] The mask stage unit 3340 includes an X axis stage 3441 , a Y axis stage 3442, and a e axis stage 3443: The 
X axis stage 3441 allows the mask assembly 3322 to move in the X axis direction in a translational manner. The Y axis 
stage 3442 allows the mask assembly 3322 together with the X axis stage 3441 to move in the Y axis direction In a : 
translational manner. The 9 axis stage 3443 allows the X axis stage 3441 and the Y axis stage 3442 to rotate around 
5 the Z axis. The X axis stage 3441 is slidably connected via a slide guide 3445 to the Y axis stage 3442. The Y axis stage 
3442 Is rotatably connected via a bearing 3446 to the 0 axis stage 3443. 

[0196] The mask assembly 3322 includes a tubular mask holder body 3422d, and a tapered outer surface TPt 
tapering off downward on the outer periphery of the mask holder body 3422d. The mask holder body 3422d supports 
the mask 3322a, the reflecting member 3322b and the field lens 3322c. The X axis stage 3441 has a tapered Inner sur- 

10 face TP2 around a round opening formed at a bottom 3441a. The tapered inner surface TP2 is to fit the tapered outer 
surface TP1. By this configuration, if only the mask assembly 3322 Is Inserted into the round opening at the bottom 
3441a of the X axis stage 3441, the tapered outer surface TP1 fits the tapered inner surface TP2. Thus, the mask 
assembly 3322 can be precisely aligned relative to the X axis stage 3441 . In addition, the mask assembly 3322 is to 
have a momentum downwards by an annular fixing nut 3425. The fixing nut 3425 is screwed into the bottom 3441a of 

75 the X axis stage 3441. 

[0197] the mask assembly 3322 and the fixing nut 3425 are mounted on the bottom 3441 a of the X axis stage 3441 
using the mounting jig 3370. The mask assembly 3322 has a depression 3422g which is engaged with a hook-like 
hanging member 3471 formed on the lower surface of the mounting jig 3370, and moves up and down according to the 
operation of the mounting jig 3370. By this configuration, the mask assembly 3322 can be easily and surely Inserted 

20 into the round opening at the bottom 3441 a of the X axis stage 3441 . The fixing nut 3425 also has a depression 3425g 
which Is engaged with the hanging member 3471 of the mounting Jig 3370, and moves up and down according to the 
operation of the mounting jig 3370. By this configuration, the fixing nut 3425 is screwed from above the mask assembly 
3322 inserted into the bottom 3441 a of the X axis stage 3441 to easily and surely fix the mask assembly 3322. 
[0198] The mounting jig 3370 includes a cylindrical body 3470a, a disc supporting member 3470b, and a handle 

25 3470c. The disc supporting member 3470b is fixed at the bottom of the body 3470a and supports the hanging member 
3471 . The handle 3470c serves to rotate or move the body 3470a up and down together with the supporting member 
3470b. In consideration of, for example, convenience of operation, the handle 3470c has a grip 3473 extending in three 
directions, as shown in Fig. 48B. 

[0199] While the mask assembly 3322 is mounted at the bottom of the mounting jig 3370, the mask assembly 3322 
30 is inserted Into an insertion port 3440a of the mask stage unit 3340. The mask assembly 3322 is then moved down to 
the bottom 3441a, and at this stage, the mounting jig 3370 Is turned In a clockwise direction to separate the mask 
assembly 3322 from the mounting jig 3370. 

[0200] Next, the fixing nut 3425 Is mounted onto the bottom of the mounting jig 3370 in the same manner as in the 
mask assembly 3322, and is inserted into the insertion port 3440a of the mask stage unit 3340. When the fixing nut 

35 3425 reaches the bottom, the fixing nut 3425 is turned In a counterclockwise direction to clamp to a predetermined posi- 
tion. Thus, the mask assembly 3322 is pressed against the bottom 3441a at a constant pressure applied by a coned 
disc spring 3425c. In this procedure, the tapered outer surface TP1 in the mask holder body 3422d comes Into intimate 
. contact with the tapered inner surface TP2 in the bottom 3441a, and the mask assembly 3322 can be precisely 
mounted onto the mask stage unit 3340. Thereafter, the mounting jig 3370 is turned in a clockwise direction to separate 

40 the fixing nut 3425 from the mounting jig 3370, and the mounting jig 3370 alone can be taken out. 

[0201] When the mask assembly 3322 is to be dismounted from the mask stage unit 3340, the above-mentioned 
mounting procedure should be simply reversed. Specifically, the mounting jig 3370 is inserted into the insertion port 
3440a of the mask stage unit 3340 to undo the fixing nut 3425, and the fixing nut 3425 Is taken out. Next, the tip of the 
mounting jig 3370 Is allowed to catch the depression 3422g of the mask assembly 3322. The mounting jig 3370 is then 

45 slowly raised, and the mask assembly 3322 together with the mounting jig 3370 can be taken out. Likewise, the dis- 
mounting of the mask 3322a and the reflecting member 3322b from the mask assembly 3322 can be performed in a 
reversed manner of the mounting procedure of these elements. Detailed descriptions of such dismounting procedures 
are omitted herein. 

[0202] By the above procedure, the mask 3322a can be precisely mounted onto the mask stage unit 3340. For a 
so further precise alignment, the mask 3322a is aligned by visual observation of an alignment mark formed on the mask 
surface with, for example, a charge-coupled device (CCD) camera not shown. 

[0203] Next, a device and process for position measurement according to an embodiment of the invention will be 
illustrated In further detail with reference to the drawings. 

[0204] Fig. 49 is a schematic diagram showing the configuration of a laser annealer including the position measur- 
55 Ing device according to the embodiment. The laser annealer includes a laser source 351 0, an irradiation optical system 
3520, a stage 3530, and a stage driving unit 3540. The laser source 3510 produces an excimer laser and other laser 
light AL for heating an amorphous SI or another semiconductor thin film.formed on a glass plate work W. The Irradiation 
optical system 3520 converts the laser light AL Into a line or spot and launches the laser light onto the work W at a pre- 
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determined illumination. The stage 3530 supports the work W, is smoothly movable In the X-Y plane and is rotatable 
around the Z axis. The stage driving unit 3540 serves as a driving means to move the stage 3530 supporting the work 
W to a necessary degree relative to, for example, the Irradiation optical system 3520. The irradiation optical system 
3520 may comprise, for example, a homogenizer 3520a, a mask 3520b, and a projection lens 3520c. The homogenizer 
5 3520a ensures the Incident laser light AL to have a uniform distribution, and the mask 3520b has a slit for throttling the 
laser light AL passed through the homogenizer 3520a into a predetermined beam form, and the projection lens 3520c 
reduces and projects the slit Image of the mask 3520b onto the work W. 

[0205] The laser annealer further includes a traveling distance measuring device 3550, a projecting optical system 
3560, a first image pickup device 3571 , a second image pickup device 3572, an image processor 3580, and an illumi- 

10 nation lamp 3565, as a position measuring device in addition to the stage 3530 and the stage driving unit 3540. The 
traveling distance measuring device 3550 detects the displacement of the stage 3530 as optical or electric Information. 
The projecting optical system 3560 is a coaxial twin-lens dual-scaling system and forms an image of an alignment mark 
on the work W. The first Image pickup device 3571 converts a first-scaling image of a relatively low magnification pro- 
jected by the projecting optical system 3560 into a picture signal, and the second image pickup device 3572 converts a 

is second-scaling image of a relatively high magnification projected by the projecting optical system 3560 Into a picture 
signal. The image processor 3580 subjects the picture signals produced by the first and second image pickup devices 
3571 and 3572 to an appropriate signal processing. The illumination lamp 3565 supplies luminous light to the projecting 
optical system 3560 for the Illumination of the surface of the work W. The laser annealer further includes a master con- 
troller 3585 which generally controls the operations of the position measuring device and other components of the laser 

20 annealer. 

[0206] The irradiation optical system 3560 will now be Illustrated in further detail. The irradiation optical system 
3560 is a coaxial twin-lens dual-scaling system as described above, and includes a first lens system 3561 a and 3561 b, 
a second lens system 3562a and 3562b, a half mirror 3563, and an epi-illumination system 3567, The first lens system 
3561a and 3561b projects an image of the work W on the stage 3530 onto the first image pickup device 3571 in a rel- 

25 atlvely low first magnification. The second lens system 3562a and 3562b projects this projected image in a relatively 
high second magnification onto the second image pickup device 3572. The half mirror 3563 divides the image light IL 
from the work W and introduces the divided beams into the first lens system 3561 a and 3561b and the second lens sys- 
tem 3562a and 3562b. The epi-illumination system 3567 guides an illumination light from the Illumination lamp 3565 via 
a cable 3566 onto the optical axis of the second image pickup device 3572. The illumination light produced by the lllu- 

30 mination light 3565 has a wavelength different from that of the laser light from the laser source 351 0. 

[0207] The first lens system 3561 a and 3561 b and the second lens system 3562a and 3562b constitute a coaxial 
optical system possessing an optical axis in common. The image light IL Is launched from the work W along the optical 
axis of the first lens system 3561 a and 3561 b. When the image light IL is reflected by the half mirror 3563, it enters into 
the center of an Image field of the first image pickup device 3571 . When the image light IL passes through the half mirror 

35 3563, it enters along the optical axis of the second lens system 3562a and 3562b into the center of an Image field of 
the second Image pickup device 3572. In addition, the epi-illumination system 3567 is arranged to be coaxial with the 
second lens system 3562a and 3562b, and homogeneously Illuminates a region on the work W corresponding to the 
image fields of the first and second image pickup devices 3571 and 3572. 

[0208] The first Image pickup device 3571 comprises a CCD device, a solid image pickup device. The first Image 
40 pickup device 3571 and the lens 3561b constitute a CCD camera 3573. The CCD camera 3573 is fixed to an end of a 
lens-barrel 3575 housing the lens 3561a. Separately, the second image pickup device 3572 also comprises a CCD 
device, and the second image pickup device 3572 and the lens 3562b constitute a CCD camera 3574. The CCD cam- 
era 3574 is fixed to an end of a lens-barrel 3576 housing the lens 3562a. The other ends of the both lens-barrels 3575 
and 3576 are fixed to a casing which houses the half mirror 3563. 
45 [0209] Fig. 50 is a diagram showing an illustrative arrangement of alignment marks formed on the surface of the 
work W mounted on the stage 3530 of Fig. 49. Alignment marks M1 and M2 shown in the figure are each a dual pattern 
including a bright, large cross pattern and a dark, small cross pattern in combination. 

[0210] The first alignment mark M1 is formed in one of the four corners of the work W, and the second alignment 
mark M2 is formed at another of the four corners of the work W. The first and second alignment marks M1 and M2 are 
so thus formed in two positions on the work W so as to detect not only the position but also the rotation of the work W. By 
measuring the positions of the first and second alignment marks M1 and M2, the coordinates of the two reference points 
on the work W can be determined, and the work W can be aligned in such a manner that the attitude and position of 
the work W can be appropriately adjusted. 

[0211] The operations of the laser annealer shown in Fig. 49 will be described in detail. The work W Is moved to 
55 and mounted on the stage 3530 of the laser annealer. The work W on the stage 3530 is aligned relative to the irradiation 
optical system 3520 serving to guide the annealing laser light AL. While appropriately moving the stage 3530 relative 
to the irradiation optical system 3520, the laser light AL Is launched from the laser source 3510 and is converted into a 
line or a spot and is applied onto the work W. On the work W, an amorphous Si or another amorphous semiconductor 
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thin film is formed, and the semiconductor is annealed and recrystallized by irradiation arid scanning of the work with 
the laser light AL The resulting semiconductor thin film has satisfactory electric characteristics. 
[0212] The position measuring device Is used for the alignment of the work W on the stage 3630 relative to the irra- 
diation optical system 3520. Specifically, the stage 3530 Is appropriately moved by the stage driving unit 3540 to guide 

5 the first alignment mark M1 including a global mark M11 and a fine mark M1 2 to an Image field of the first Image pickup 
device 3571 (Step S1). The position of the work W on the stage 3530 remains within a predetermined moving precision 
range (0.5 to 1 mm In the example), and the stage 3530 is appropriately moved relative to the projecting optical system 
3560 to guide and move the first alignment mark M1 In the visual field of the first lens system 3561 a and 3561 b, i.e., in 
the Image field (5 mm size in the example) of the first image pickup device 3571, For example, by staring the position 

10 of the first alignment mark M1 on the work W in memory as data, the stage 3530 can be appropriately moved with ref- 
erence to the positional data of the first alignment mark M1 to surely guide the first alignment mark M1 into the image 
field of the first image pickup device 3571 . 

[021 3] Subsequently, the position of the global mark M1 1 of the first alignment mark M1 is determined by subjecting 
the picture signal of a relatively law magnification from the first image pickup device 3571 to image signal processing In 
15 the Image processor 3580 (Step S2). The pixels of the first Image pickup device 3571 are in precise correspondence 
with distances of points on the stage 3530, and an XY component of the distance from the center of the first image 
pickup device 3571 , i.e. the optical axis of the first lens system 3561 a and 3561 b, to the center of the global mark M1 1 
can be precisely determined. 

[0214] Next, while determining and monitoring the travel or stroke of the stage by the traveling distance measuring 
20 device 3550, the stage driving unit 3540 is driven to move the stage 3530 in the X-Y plane to allow the center of the 
global mark M1 1 to agree with the optical axis of the first lens system 3561a and 3561b (Step S3). The travel deter- 
mined by the travel measuring device 3550 corresponds to the distance determined In the step S2. In this procedure, 
the alignment accuracy by the global mark M1 1 is about 10 urn or less In the example. The above search alignment 
procedure can positively move the fine mark M12 arranged at the center of the global mark M1 1 into the image field 
25 (0.5 mm size In the example) of the second image pickup device 3572 of a high magnification. 

[0215] The position of the fine mark M1 2 Is then determined by subjecting a picture signal from the second image 
pickup device 3572 to signal processing in the Image processor 3580 (Step S4). The pixels of the second image pickup 
device 3572 have a precise correspondence with distances of points on the stage 3530, and the distance between the 
center of the fine mark M1 2 and the center of the second Image pickup device 3572, I.e., the optical axis of the second 
30 lens system 3562a and 3562b can be precisely determined. The position measuring precision through the fine mark 
M12 is about 1 nm or less in the example. 

[0216] The projecting optical system 3560 serving to determine the position of the fine mark M12 has a predeter- 
mined positional relationship with the laser annealing irradiation optical system 3520, and the positional relationship is 
determined or adjusted in advance. Accordingly, the distance from the optical axis of the second lens system 3562a and 
35 3562b to the center of the fine mark M 12 can be converted Into the distance from the laser annealing Irradiation optica] 
system 3520 to the center of the fine mark M1 2 with reference to the positional relationship (Step S5). By these proce- 
dures, the coordinates of the first alignment mark M1 can be precisely determined. 

[0217] Likewise, the second alignment mark M2 Is subjected to these measuring procedures (steps S1 to S5), and 
the coordinates of the second alignment mark M2 can be precisely determined (Step S6). In the example, one pixel of 

40 the second image pickup device 3572 was set at 1 jxm and the position was detected with a precision of about 1 |xm. 
[021 8] Next, the work W is aligned (Step 7) with respect to the irradiation optical system 3520 based on the precise 
measurements of the coordinates of the first and second alignment marks M1 and M2 obtained in steps S5 and S6. 
Specifically, the position and rotation of the work W are determined based on the coordinate measurements of the fine 
marks of the first and second alignment marks M1 and M2 with reference to the irradiation optical system 3520. Based 

45 on these results, the work W is arranged at a position with a rotational attitude required upon the initiation of laser 
annealing. 

[0219] Next, while scanning the work W with the laser light AL such as a laser spot or a laser line using the stage 
driving unit 3540 and the traveling distance measuring device 3550, the amorphous thin film on the work W Is recrys- 
tallized to sequentially form polycrystallirie thin films on the work W. In this procedure, the work W can be scanned with 
so the laser light AL by moving the stage 3530 in the X or Y direction by the stage driving unit 3540, while monitoring the 
travel of the stage with the traveling distance measuting device 3550. Alternatively, the work W can be scanned with the 
laser light AL by allowing the irradiation optical system 3520 to have a scanning function, for example, by moving the 
mask 3520b in the irradiation optical system 3520. 

[0220] In the position measuring process according to the first embodiment, after the work W is transferred to and 
55 mounted on the stage 3530, the position of the work W can be precisely determined only by moving the work W through 
search alignment using the global mark M1 1 , and thus the position of the work W can be rapidly determined. In addition, 
the global mark M1 1 and the fine mark M12 have similar-shaped outlines to each other, and the image measurement 
algorithms in the measurements of the marks M1 1 and M1 2 can be nearly the same relative to each other, and the arlth- 
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metic processing and other procedures can be simplified. 

[0221] Rg. 51 is a perspective view showing arrangement of the alignment marks formed on the surface of the work 
W mounted on the stage 3530 shown In Fig. 49. 

[0222] First and second global marks M1 1 1 and M21 1 are respectively formed in either one of the four corners of 
5 the work W. The both global marks M1 1 1 and M21 1 have identical coordinates in the work X axis and different coordi- 
nates in the work Y axis. Separately, fist and second fine marks M1 1 2 and M21 2 are respectively arranged In the vicinity 
of processing areas PA on the work W. Both fine marks M1 12 and M212 have identical coordinates in the work X axis 
and different coordinates in the work Y axis. The processing areas PA are areas to be projected with, for example, a slit 
image of the mask 3520b by projection lens 3520c, and are arrayed at appropriate intervals (in the figure, only two 
w processing areas are shown). 

[0223] The positional measurements of the first and second global marks M1 11 and M21 1 can determine the coor- 
dinates of two reference points on the periphery of the work W. By this procedure, the attitude. of the work W can be 
corrected and the search alignment (global alignment) can be performed to allow each of the first and second fine 
marks M1 12 and M212 enter into the image field of the second image pickup device 3572 of a high magnification (Rg. 
15 49). Separately, the positional measurements of the first and second fine marks M1 12 and M212 can determined pre- 
cise coordinates of two reference points on the periphery of the processing areas PA corresponding to these fine marks. 
The slit image of the mask 3520b can be therefore precisely projected onto the processing areas PA by appropriately 
moving the work W. 

[0224] Fig. 52 is a schematic illustration of the configuration of a laser annealer as an embodiment of the invented 

20 laser processing system. 

[0225] This laser annealer serves to treat a work W with heat, and the work W comprises a glass substrate and an 
amorphous Si or other semiconductor thin film formed on the glass substrate. The laser annealer includes a laser 
source 5310, an irradiation optical system 5320, a process stage unit 5330, a stage controller 5340, and a master con- 
troller 531 00. The laser source 531 0 produces a laser light AL such as an excimer laser for heating the semiconductor 

25 thin film. The irradiation optical system 5320 converts the laser light AL into a line (to be precise, a fine rectangle) and 
launches the laser light AL onto the work W at a predetermined illumination. The process stage unit 5330 supports the 
work W and allows the work W to smoothly move in the X-Y plane in a translational manner and to rotate around the Z 
axis. The stage controller 5340 controls the operations of the process stage unit 5330, and the master controller 531 00 
generally controls the operations of individual components of the laser annealer. 

30 [0226] The irradiation optical system 5320 comprises a homogenlzer 5320a, a mask 5320b, and a projection lens 
5320c. The homogenlzer 5320a ensures the incident laser light AL to have a uniform distribution. The mask 5320b has 
a slit, and the slit throttles the laser light AL passed through the homogenizer 3520a into a rectangular beam, The pro- 
jection lens 5320c reduces and projects the slit image of the mask 5320b onto the work W. Of these components, the 
mask 5320b is exchangeably supported by a mask stage unit 5350. The mask stage unit 5350 drives and allows the 

35 mask 5320b to smoothly move in the X-Y plane in a translational manner and to rotate around the Z axis. The opera- 
tions of the mask stage unit 5350 are controlled by a stage controller 5360 to monitor the timing and travel of the trans- 
lation and rotation of the mask 5320b. The mask stage unit 5850 and the stage controller 5360 constitute a mask driving 
unit. 

[0227] The process stage unit 5330 is housed in a process chamber 5370. The laser light AL is launched from the 
40 irradiation optical system 5320 via a process window 5370a onto the work W supported by the process stage unit 5330 
in the process chamber 5370. The translational and rotational travels are monitored by the stage controller 5340. 
[0228] The process window 5370a is arranged on the top surface of the process chamber 5370. Immediately above 
the corner of the process window 5370a, a work alignment camera 5380 is fixed. The work alignment camera 5380 
serves to detect the misalignment of the work W mounted on the process stage unit 5330, and includes an image-form- 
45 ing optical system and a CCD and other image pickup devices. A picture signal output from the work alignment camera 
5380 is subjected to processing in an image processor 5381. Signals produced by the image processor 5381 are 
entered into the master controller 53100 and are used in the alignment of the work W relative to the projection lens 
5320c constituting the irradiation optical system 5320. 

[0229] Immediately below a corner of the mask 5320b, a mask alignment camera 5384 as an image pickup device 
so is fixed. The mask alignment camera 5384 serves to detect the misalignment of the mask 5320b supported by the mask 
stage unit 5350, and produces a picture signal output. The picture signal output from the mask alignment camera 5384 
is subjected to processing in an Image processor 5385, and the picked-up image is displayed on a display 5386 as a 
display device, and is used in the alignment of the mask 5320b relative to the work W. 

[0230] In this configuration, the mask stage unit 5350 and the projection lens 5320c are fixed to a frame 5390 
55 extending from the process chamber 5370. The mask alignment camera 5384 is also fixed via a supporting member 
5391 to the frame 5390. While the detailed descriptions of this component are omitted herein, the supporting member 
5391 serves to adjust the position of the mask alignment camera 5384 relative to the mask stage unit 5350. Specifically, 
the mask alignment camera 5384 is moved in the X-Y plane in a translational manner and is rotated around the Z axis, 
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and can be surely fixed to the frame 5390 after the completion of necessary alignment movement. 
[p231 ] In the above system,, the Image of a mask alignment mark AM is Indicated oh the display 5386 while the 
mask 5320b is moved relative to the projection lens 5320c by the mask stage unit 5350. By this configuration, the posi- 
tion of the mask 5320b can be precisely and positively determined in real time while visually checking the position. 
[0232] The advantages of the invention will be listed below. . 

(1) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin fHm 
by exposing the semiconductor thin film to projected light patterned through plural patterns formed on a photo 
mask, the invented system Includes a mechanism for unlformizing light for exposure in such a manner that the light 
intensity in a predetermined area on the photo mask distributes within a range of ±1 1 .2% of the average light inten- 
sity in the area. By this configuration, a semiconductor thin film on a desired region to be patterned can be homo- 

• geneously modified. When the system is applied to LCDs and other imaging devices, damage of substrates due to 
variations In Intensity of light source can be prevented to thereby inhibit deterioration of image quality. 

(2) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film 
by exposing the semiconductor thin film to projected light patterned through an exposure pattern formed on a photo 
mask, and the semiconductor thin film Is formed on a substrate held on a substrate stage, the invented system 
includes a mechanism for sequentially scanning the semiconductor thin film with the patterned light by individually 
or concurrently driving the photo mask and the substrate stage. By this configuration, optional regions on the sub- 
strate can be sequentially modified with a high throughput. When the system Is applied to LCDs and other Imaging 
devices, damage of substrates due to variations in intensity of light source can be prevented to thereby inhibit dete- 
rioration of image quality. This system can also provide a crystallized silicon film having a trap state density less 
than 10 12 cm" 2 . 

(3) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film, 
by exposing the semiconductor thin film to projected light patterned through an exposure pattern formed on a photo 
mask, the invented system includes a focusing mechanism for obtaining the focus the projected patterned light on 
the predetermined region of the semiconductor thin film when the semiconductor thin film is exposed to the pro- 
jected patterned light. The above configuration can provide a semiconductor thin film forming system having a high 
reliability in modification processes and a satisfactory reproducibility. 

(4) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film 
by exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a 
photo mask, the invented system includes a tilt correcting mechanism (or a leveling mechanism) for correcting the 
tilt of the projected patterned beam relative to the semiconductor thin film. The above configuration can provide a 
semiconductor thin film forming system having a high reliability in modification processes and a satisfactory repro- 
ducibility. 

(5) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film 
by exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a 
photo mask, the Invented system includes an alignment mechanism (or an alignment function) for aligning the 
exposure beam relative to a mark formed on a substrate, on which the semiconductor thin film is deposited. This 
configuration can achieve the exposure of a target region with an alignment accuracy of the order of micrometers 
or higher, When the system is applied to LCDs and other Imaging devices) damage of substrates due to variations 
in intensity of light source can be prevented to thereby Inhibit deterioration of image quality. 

(6) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film 
by exposing the semiconductor thin film to a projected light patterned through a pattern formed on a photo mask, 
the invented system includes a mechanism (or a function) for holding a substrate on a stage, the semiconductor 
thin film being deposited on the substrate. The above configuration can provide a semiconductor thin film forming 
system having a high reliability in modification processes and a satisfactory reproducibility. 

(7) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film 
by exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a 
photo mask, the invented system includes a composing mechanism for composing a plurality of laser beams Into 
the exposure beam. By this configuration, a semiconductor thin film can be homogeneously modified with good 
quality in target regions to be patterned, in addition, optional regions on the substrate can be sequentially modified 
with a high throughput 

(8) Preferably in the system just mentioned In (7), the plurality of laser beams is first and second laser beams, and 
the composing mechanism composes the first and second laser beams in such a manner that the second laser 
beam is applied onto the semiconductor thin film with a delay relative to the first laser beam. By this configuration, 
a semiconductor thin film can be homogeneously modified with good quality in target regions to be patterned. In 
addition, optional regions on the substrate can be sequentially modified with a high throughput. 

(9) In a semiconductor thin film forming system having a process chamber, the process chamber serves to modify 
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a predetermined region of a semiconductor thin film by exposing the semiconductor thin film on a substrate to a 
projected exposure beam patterned through a pattern formed on a photo mask, the invented system includes a 
mechanism for moving the substrate from the process chamber to a different process chamber without exposing 
the substrate to the atmosphere (or the air). By this configuration, a semiconductor thin film can be transferred to a 
5 successive process without contamination by impurities and dusts, while the semiconductor thin film has a chemi- 
cally active surface of an equivalent quality to that of a single crystal semiconductor thin film. Thus, manufacture 
costs for the semiconductor production system can be reduced by eliminating a cleaning process, and the through-- 
put can be Increased by reducing evacuation periods or cleaning periods In individual vacuum systems. 

(10) In the system just mentioned above (9), preferably the different process chamber Is an insulating film forming 
10 chamber for the formation of an Insulating film on the substrate. By this configuration, a semiconductor thin film can 

be transferred to a gate insulating film forming process without contamination by impurities and dusts, while the 
semiconductor thin film has a chemically active surface of an equivalent quality to that of a single crystal semicon- 
ductor thin film. Thus, a semiconductor element having a satisfactory semiconductor-insulator interface can be 
manufactured by a process at low temperatures of 600°C or less. Such a good semiconductor-insulator interface is 
15 conventionally formed, for example, In an interface between silicon and silicon oxide formed by heating. This sys- 
tem can provide a crystallized silicon film having a trap state density less than 1 0 12 cm* 2 and can provide a silicon- 
insulating film interface exhibiting a low interface state density. 

(1 1 ) In the system indicated in (9), the different process chamber is preferably a semiconductor film forming cham- 
ber for the formation of a semiconductor thin film on the substrate. By this configuration, a semiconductor film can 

20 be transferred to a light irradiation process without contamination by impurities and dusts, which semiconductor film 
is necessary for producing a semiconductor thin film having a chemically active surface of an equivalent quality to 
that of a single crystal semiconductor thin film. Thus, manufacture costs for the semiconductor deposition system 
can be reduced by eliminating a cleaning process, and the throughput can be increased by reducing evacuation 
times or cleaning times in individual vacuum systems. 

25 (.12) In the system indicated in (9), the invention provides a system where the different process chamber is a heat 
treatment chamber for treating the substrate with heat. . 

(13) Preferably, the different process chamber in the system indicated in (9) is a plasma treatment chamber for sub- 
jecting the substrate to a plasma treatment by treating the substrate with plasma. By this configuration, a semicon- 
ductor thin film can be transferred to a successive process without contamination by impurities and dust , while the 

30 semiconductor thin film has a chemically active surface of an equivalent quality to that of a single crystal semicon- 
ductor thin film. Thus, manufacture costs for the semiconductor deposition system can be reduced by eliminating a 
cleaning process, and the throughput can be increased by reducing evacuation times or cleaning times in individual 
vacuum systems. 

(14) In the system indicated in (9), the process chamber is preferably a laser treatment chamber for modifying the 
35 predetermined region of the semiconductor thin film by exposing the semiconductor thin film on the substrate to a 

projected laser beam patterned through the pattern formed on the photo mask, the different process chamber 
being preferably another laser treatment chamber. By this configuration, a semiconductor thin film can be trans- 
ferred to a successive process without contamination by impurities and dusts, while the semiconductor thin film has 
a chemically active surface of an equivalent quality to that of a single crystal semiconductor thin film. Thus, manu- 
re facture costs for the semiconductor production system can be reduced by eliminating a cleaning process, and the 
throughput can be increased by reducing evacuation times or cleaning times in individual vacuum systems. 

(15) in a preferred embodiment, the different process chamber in the system indicated in any one of (9) to (13) 
includes a plasma generating source for generating plasma In a predetermined area of the different process cham- 
ber, and the substrate is placed in an area in the different process chamber other than the predetermined area. This 

45 configuration can inhibit plasma-induced damage of the semiconductor thin film, which semiconductor thin film is 
transferred to a successive process without contamination by impurities and dust and has a chemically active sur- 
face of an equivalent good quality to that of a single crystal semiconductor thin film. 

(16) In the system Indicated in (13), preferably, the different process chamber Includes a plasma source for gener- 
ating plasma in a predetermined area of the different process chamber, and the different process chamber serves 

so to subject the substrate to the plasma treatment by reacting an excited gas with a different gas, the excited gas is 
excited by the plasma generated in the predetermined area, and the different gas is introduced into the different 
process chamber without passing through the predetermined area. Thus, a semiconductor element having a satis- 
factory semiconductor-insulator interface can be manufactured by a process at low temperatures of 400°C or less. 
Such a good semiconductor-insulator interface is conventionally formed, for example, in an interlace between sili- 

55 con and silicon oxide formed by heating. 

[0233] Other embodiments and variations will be obvious to those skilled in the art, and this Invention is not to be 
limited to the specific matters stated above. 
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1. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to projected light patterned through plural patterns formed on a photo mask, 

said system comprising a mechanism for uniformizing the light to be applied in such a manner that the intensity 
of said light in a predetermined area on the photo mask distributes within a range of ±1 1.2% of the average 
intensity of said light in said area. . 

2. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to projected light patterned through an exposure pattern formed on a photo 
mask, said semiconductor thin film being formed on a substrate held on a substrate stage, 

said system comprising a mechanism for sequentially scanning the semiconductor thin film with the patterned 
light by individually or concurrently driving the photo mask and the substrate stage. 

3. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin fiim to projected light patterned through an exposure pattern formed on a photo 
mask, 

said system comprising a focusing mechanism for obtaining the focus of the patterned light on said predeter- 
mined region of the semiconductor thin film when the semiconductor thin film is exposed to the projected pat- 
terned light 

4. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a photo 
mask, 

said system comprising a tilt correcting mechanism for correcting the tilt of said patterned exposure beam rel- 
ative to the semiconductor thin film. 

5. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a photo 
mask, 

said system comprising an alignment mechanism for aligning the patterned exposure beam with reference to 
a mark formed on a substrate, on which said semiconductor thin film is deposited. 

6. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to a protected light patterned through a pattern formed on a photo mask, 

. said system comprising a mechanism for holding a substrate on a stage, said semiconductor thin fiim being 
deposited on said substrate. 

7. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a photo 
mask, 

said system comprising a composing mechanism for composing a plurality of laser beams into said exposure 
beam. 

8. A system according to dalm 7, wherein said plurality of laser beams are first and second laser beams, said com- 
posing mechanism composing said first and second laser beams in such a manner that said second laser beam is 
applied onto the semiconductor thin film with a delay relative to said first laser beam. 

9. A semiconductor thin film forming system having a process chamber, said process chamber serving to modify a 
predetermined region of a semiconductor thin film by exposing the semiconductor thin film on a substrate to pro- 
jected light patterned through a pattern formed on a photo mask, 
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said system comprising a mechanism for moving the substrate from said process chamber to a different proc- 
ess chamber without exposing the substrate to the atmosphere. 

10. A system according to claim 9, wherein said different process chamber is an insulating film forming chamber for the 
5 formation of an insulating film on the substrate. 

11. A system according to claim 9, wherein said different process chamber is a semiconductor film forming chamber 
for the formation of a semiconductor film on the substrate. 

10 1 2. A system according to claim 9, wherein said different process chamber is a heat treatment chamber for treating the 
substrate with heat 

13. A system according to claim 9, wherein said different process chamber is a plasma treatment chamber for subject- 
ing the substrate to a plasma treatment by treating the substrate with plasma. 



14. A system according to claim 9, wherein said process chamber is a laser treatment chamber for modifying the pre- 
determined region of the semiconductor thin film by exposing the semiconductor thin film on the substrate to a pro- 
jected laser beam patterned through the pattern formed on the photo mask, said different process chamber being 
another laser treatment chamber. 



15. A system according to any of claims 9-13, wherein said different process chamber comprises a plasma generating 
source for generating plasma in a predetermined area of said different process chamber, said substrate being 
placed in an area in said different process chamber other than said predetermined area. 

25 1 6. A system according to claim 1 3, wherein said different process chamber comprises a plasma generating source for 
generating plasma in a predetermined area of said different process chamber, said different process chamber serv- 
ing to subject said substrate to said plasma treatment by reacting an excited gas with a different gas, said excited 
gas being excited by the plasma generated in said predetermined area, said different gas being introduced Into said 
different process chamber without passing through said predetermined area. 
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PROCESS AND MASK PROJECTION SYSTEM FOR LASER 
CRYSTALLIZATION PROCESSING OF SEMICONDUCTOR 
FILM REGIONS ON A SUBSTRATE 



SPECIFICATION 



5 CLAIM OF PRIORITY 

This application claims priority based on U.S. provisional application 
serial no. 60/253,256 of James S. Im entitled "Mask Projection System For Laser 
Crystallization Processing Of Semiconductor Film Regions On A Substrate," filed on 
November 27, 2000. 

10 NOTICE OF GOVERNMENT RIGHTS 

The U.S. Government has certain rights in this invention pursuant to 
the terms of the Defense Advanced Research Project Agency award number N66001 - 
98-1-8913. 

FIELD OF THE INVENTION 

1 5 The present invention relates to techniques for processing of 

semiconductor films, and more particularly to techniques for processing 
semiconductor films using patterned laser beamlets. 

BACKGROUND OF THE INVENTION 

Techniques for fabricating large grained single crystal or 
20 polycrystalline silicon thin films using sequential lateral solidification are known in 
the art. For example, in U.S. patent application serial no. 09/390,537, the entire 
disclosure of which is incorporated herein by reference herein and which is assigned 
to the common assignee of the present application, particularly advantageous 
apparatus and methods for growing large grained polycrystalline or single crystal 
25 silicon structures using energy-controllable laser pulses and small-scale translation of 
a silicon sample to implement sequential lateral solidification have been disclosed. 
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The sequential lateral solidification techniques and systems described therein provide 
that low defect density crystalline silicon films can be produced on those substrates 
that do not permit epitaxial regrowth, upon which high performance microelectronic 
devices can be fabricated. 

5 While the above-identified patent document discloses a particularly 

advantageous system for implementing sequential lateral solidification, there have 
been attempts to modify other systems to implement sequential lateral solidification. 
One such system is disclosed in United States Patent No. 5,285,236 ("the f 236 
Patent' 1 ), the entire disclosure of which is incorporated herein by reference. 

10 Referring to Figure 1, the '236 Patent discloses a 1 :1 projection 

irradiation system. In particular, an illumination system 20 of this projection 
irradiation system generates a homogenized laser beam which passes through an 
optical system 22, a mask 14, a projection lens and a reversing unit to be incident on 
a substrate sample 10. However, in this prior art projection irradiation system, the 

1 5 energy density on the mask 1 4 must be greater than the energy density on the 
substrate 10. This is problematical when processes requiring high fluence on the 
substrate 10 are considered, as the high energy density incident on the mask 14 can 
cause physical damage to the mask 14. In addition, such high energy laser light can 
cause damage to the optics of the system. Accordingly, there exists a need for an 

20 improved projection irradiation system of the type described in the '236 Patent for 
implementing the sequential lateral solidification process without damaging the mask 
14. 

SUMMARY OF THE TNVKNTTQTV 

One of the objects of the present invention is to provide an improved 
25 projection irradiation system and process to implement the sequential lateral 

solidification. Another object of the present invention is to provide a system and 
process using which, the mask of utilized for shaping the laser beams and pulses is not 
damaged or degraded due to the intensity of the beams/pulses. It is also another 
object of the present invention to increase the lifetime of the optics of the system by 
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decreasing the energy being emitted through the optical components (e.g., projection 
lenses). 

In order to achieve these objectives as well as others that will become 
apparent with reference to the following specification, the present invention generally 
5 provides that an irradiation beam is caused to pass through a beam splitter to become 
two beams, each providing partial intensity of the energy of the original beam. 

In one exemplary embodiment of the present invention, a process and 
system for processing a silicon thin film on a sample are provided. In particular, an 
irradiation beam generator is controlled to emit successive irradiation beam pulses at a 

10 predetermined repetition rate. These irradiation beam pulses are then separated into a 
first set of beam pulses and a second set of beam pulses. The first set of beam pulses 
are caused to irradiate through a mask to produce a plurality of beamlets. The second 
set of beam pulses and the beamlets are caused to impinge and irradiate at least one 
section of the silicon thin film. When the second set of beam pulses and the beamlets 

1 5 simultaneously irradiate the section of the silicon thin film, this combination provides 
a combined intensity which is sufficient to melt the sqetion of the silicon thin film 
throughout an entire thickness of the section. The irradiation beam generator 
arrangement may emit the successive irradiation beam pulses at a predetermined 
repetition rate. 

20 In another exemplary embodiment of the present invention, the 

irradiation beam pulses can be forwarded to a beam splitter which separates the 
irradiation beam pulses into the first set of beam pulses and the second set of beam 
pulses. The beam splitter is preferably located upstream in a path of the irradiation 
beam pulses from the mask, and separates the irradiation beam pulses into the first set 

25 of beam pulses and the second set of beam pulses prior to the irradiation beam pulses 
reaching the mask. 

In still another ^embodiment of the present invention, the first set of 
beam pulses has a corresponding intensity which is lower than an intensity required to 
damage, degrade or destroy the mask. Also, the second set of beam pulses can be 
30 prevented from being forwarded to the mask, e.g., by diverting the second set of beam 
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pulses away from the mask prior to the second set of beam pulses reaching the mask. 
In addition, the second set of beam pulses preferably has a corresponding intensity 
which is lower than an intensity required to melt the section of the silicon thin film 
throughout the entire thickness thereof. 

5 In yet another embodiment of the present invention, when the section 

of the silicon thin film is irradiated, this irradiated and melted section of the silicon 
thin film is allowed to re-solidify and crystallize. After the section of the silicon thin 
film re-solidifies and re-crystallizes, the sample is translated so that the beamlets and 
the second set of beam pulses impinge a further section of the silicon thin film. This 
1 0 further section at least partially overlaps the section that was allowed to re-solidify 
and re-crystallize. Also, the sample can be microtranslated so that the beamlets and 
the second set of beam pulses impinge at least one previously irradiated, fully melted, 
re-solidified and re-crystallized portion of the section of the silicon thin film. 

The beamlets and the second set of beam pulses can irradiate and fully 
1 5 melt the section of the silicon thin film from a microtranslated location of the sample. 
The mask may have a dot-like pattern such that dot portions of the pattern are the 
oblique regions of the mask which prevent the first set of beam pulses to irradiate 
there through. Also, the mask may have a line pattern such that line portions of the 
pattern are the oblique regions of the mask which prevent the first set of beam pulses 
20 to irradiate there through. Furthermore, the mask may have a transparent pattern such 
that transparent portions of the pattern do not include any oblique regions therein. 

It is also possible to provide beam extending devices in the path of the 
first set of beam pulses and/or the second set of beam pulses. 

The accompanying drawings, which are incorporated and constitute 
25 part of this disclosure, illustrate a preferred embodiment of the invention and serve to 
explain the principles of the invention. 

BRIEF DESCRIPTION OF T HE PR AWTNOS 
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Figure 1 is a schematic block diagram of a prior art 1:1 projection 
irradiation system; 
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^^"^ematfoblookdiagramofmexemplaxyembodtaentof 
a project™ irradiation system according to (he present invention; 

Figure 3A is an exemplary graph whioh represents the energy density 
pattern atasrhcon film sample using me prior art projection mediation system 
illustrated in Figure 1; 

Figure 3B is an exemplary graph which represents the energy density 
pattern at the silicon film sample using the exemplary projection irradiation system of 
the present invention illustrated in Figure 2; 



10 



15 



20 



25 



Figures 4A-4I are illustrations of a radiation beam pulse intensity 
pattern and the grain structure of exemplary sections of a film sample at different 
stages of lateral solidification ("LS") processing in accordance with a first exemplary 
embodiment of a process of the present invention; 

Figure 4J is an exemplary top view illustration of a thin film device 
which can be fabricated using the process illustrated in Figures 4A-4I. 

Figures 5A-5E are illustrations of a radiation beam pulse intensity 
pattern and the grain structure of exemplary sections of a film sample at different 
stages of the LS processing in accordance with a second exemplary embodiment of 
me process of the present invention; 

Figures 6A-6D are illustrations of a radiation beam pulse intensity 
pattern and the grain structure of exemplary sections of a fihn sample at different 
stages of the LS processing in accordance with a third exemplary embodiment of the 
process of the present invention; and 

Figure 7 is a flow diagram representing an exemplary LS processing 
procedure under a. leas, partia. control of a computing arrangement of Figure 2 using 

earned out by the system of Figure 2. 



15 
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An exemplary embodiment of a projection irradiation system 
'^ to ^P^tinv altio n isshownasaschematicbIock 

* become two beams 21 , 22.. fc one exempt imputation of me present 
nrvenbon, these two apli, beams 211, 22. may eachhave 50% of me energy of 
the ongma. beam201. It is within the scope of me present invention to possib.y 

10 ^^S-2. Bachofmebeamazn^nacomposedofasetofbeam 

The first split beam 211 canberedirectedbyantirror212towarda 
homo g eni 2 er213,whichmenoumn t sah„mogeni 2 edbeam215. Thereafter me 

l» m ogemzedbeam215(andi te reapectivebean 1 pvdae S )canberedi re c,edbya 
second mirror 2. 4 so as to be incident on a semiconductor sample 260 which is he.d 
byasampletranalauons^O. ft should be noted that other samples, each as 
metalhc, dialectric, or polymeric films may be substituted for the silicon 
semiconductor sample 260. 



20 



25 



Dunng a substantially same time interval, the second split beam 221 

»!!"" l, "*" ll "'" , '* i - at *-*».' 

mask 230 to aUow me second spU, beam 221 (and its pulses) to be irradiated there 
mrougfc and 1 become mashed beam pukes 225. Themasked beam pulses 225 can then 

beredtrec te dbyasecondnrirror231«„pa SS mr„u gll ap roj ectionlen s 240 
Rafter, fce masked beam pmses 225 which paased through the projection ,ens 240 
^amrednec tedtoareveraiagmit24I so as ,o be incident on me semiconduc to r 
sampie 260. Tne m^k 230, the projection lens 240 and me reversing unit 24, may be 

Whrie other optica, combinations may be uaed, the splitting of me origins, beam 20. 
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should preferably occur prior to the original beam 201 (and its beam pulses) being 
passed through the mask 230. 

It should be understood by those skilled in the art that instead of a 
pulsed excimer laser source, the beam source 200 may be another known source of 

5 short energy pulses suitable for melting a thin silicon film layer in the manner 

described herein below, such as a pulsed solid state laser, a chopped continuous wave 
laser, a pulsed electron beam or a pulsed ion beam, etc., with appropriate 
modifications to the radiation beam path from the source 200 to the sample 260. The 
translations and microtranslations of the sample stage 250 are preferably controlled by 

1 0 a computing arrangement 270 (e.g., a computer which uses Intel Pentium® 4 

microprocessor) which is coupled to the beam source 200 and the sample stage 250. 
It is also possible for the computing arrangement 270 to control the microtranslations 
of the mask 230 so as to shift the intensity pattern of the first and second beams 21 1 , 
221 with respect to the sample 260. Typically, the radiation beam pulses generated by 

15 the beam source 200 provide a beam intensity in the range of 10 mJ/cm 2 to 1 J/cm 2 , a 
pulse duration (FWHM) in the range of 10 to 103 nsec, and a pulse repetition rate in 
the range of 10 Hz to 104 Hz. 

Figure 3A shows is an exemplary graph which represents the energy 
density pattern at a silicon film sample using the prior art projection irradiation 

20 system illustrated in Figure 1 . In particular, this graph illustrates the energy density 
pattern at the plane of the substrate sample 10 when there is no beam splitter 201, as 
provided in the prior art system of Figure 1 . As shown in Figure 3 A, in order for 
particular portions of the silicon thin film of the sample to be fully melted throughout 
its thickness, the energy of the laser pulses (E^-n) has to be high enough for such 

25 melting, and likely exceeds the damage threshold (E da mage) for the mask 230. 

Figure 3B shows an exemplary graph which represents the energy 
density pattern at the silicon film sample using the exemplary embodiment of the 
projection irradiation system illustrated in Figure 2, in which the beam splitter 21 1 is 
being used to split the original beam 201 into the two split beams 21 1, 221. In 
30 particular, the energy density pattern of the second split beam 22 1 is selected to be 
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below the damage threshold (E ilamS9 ) at the plane of the mask 230. In this manner, the 
mask 230 would not be damaged or degraded by the beam generated by the irradiation 
beam emitted by the beam source 200. Meanwhile, the homogenized beam pulses 
216, which correspond to the pulses of the first split beam 21 1, can irradiate the 
sample 260 such that the intensity of the pulses 2 16 is not enough to melt the silicon 
thin film of the sample 260 throughout its thickness. When the intensity of the second 
split beam 221 is added to that of the first split beam 21 1, the resultant combination of 
beam pulses has the intensity which is enough to melt the silicon thin film of the 
sample 260 throughout its entire thickness. 

A first exemplary embodiment of the process of the present invention 
shall now be described with reference to Figures 4A-4I. In particular, Figure 4A 
shows an exemplary region of the sample 260, such as a partially fabricated integrated 
circuit device, which includes at least one section 82 (and preferably more than one 
section) of the silicon thin film thereon. This section 82 may be composed of certain 
areas extending in a horizontal direction, as well as other areas extending in a vertical 
direction. The section 82, as well as other section of the silicon thin film on the 
sample 1 60 have small grains and grain boundaries randomly oriented in various 
directions therein. The thickness of the section 82 may be in the range of less than 20 
nannometers to 2 um. Other thicknesses of the silicon thin films and sections thereof 
are conceivable for use, and are within the scope of the present invention. 

Figure 4B shows the section 82 after being irradiated by a first 
radiation beam pulse having a desired intensity pattern. In the present exemplary 
embodiment, this pattern is a "pocka-dot" pattern which is preferably aligned with 
certain areas of the section 82. The mask 230 of Figure 2 can be used to effectuate 
such pattern upon it being irradiated by the second split beam pulses 221 . In 
particular and to add further detail, the mask 230 has a pattern which consists of one 
or more sets of 1 -micrometer orthogonally positioned opaque dot-like regions. Thus, 
the set of the opaque regions on the mask 230 do not allow the pulse of the second 
split beam 221 to pass there through so as to prevent the irradiation of the 
corresponding areas on the section 82. However, the regions on the mask 230 
surrounding the opaque dot-like regions allow the pulses to pass there through so as to 
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allow the exiting irradiation beam pulses to irradiate and melt the respective other 
areas of the section 82 (melted regions 50). The resultant beam pulse would have an 
intensity pattern which includes "shadow" regions 61 corresponding to the opaque 
dot-like regions of the mask 230. 

5 When the second split beam pulses 221 are passed through the mask 

230, with the first split beam pulses irradiating (but not melting) the sample 260, the 
combined first and second split beam pulses 21 1, 221 completely melt areas 50 of the 
section 82, but not dot-shaped unmelted areas 61. According to the exemplary 
embodiment shown in Figure 2B, the unmelted areas 61 are provided at regular 

1 0 intervals along the centerline of the section 82. In particular, when the section 82 of 
the silicon thin film is irradiated by a first set of the first and second split beam pulses 
21 1, 221 (with the second split beam pulses 221 having the intensity pattern defined 
by the mask 230), each area irradiated by the unblocked second split beam pulses 221 
is melted throughout its entire thickness, while each area of the section 82 that is 

1 5 blocked by the opaque pattern of the mask 230 remains at least partially unmelted. 
Therefore, the unmelted area 50 of the section 82 has the original grain structure of 
the section 82 of the silicon thin film as it was originally formed. 

The shadow regions of the intensity pattern, the shape of whiph 
corresponds to that of the unmelted areas 61, which may have any shape, such as a 

20 circle, a square, etc., have a small cross-sectional area. It is preferable for the shadow 
regions to be large enough so that the melted surrounding areas of the silicon thin film 
provided on the sample 260 does not cause a complete melting of the areas 61 on the 
section 82 that are associated with the respective shadow regions. In accordance with 
the invention and as described above, the areas 61 of the section 82 overlapped by 

25 respective ones of the shadow regions should preferably remain at least partially 
unmelted. 

Turning to Figure 4C, after the section 82 of the silicon thin film 
provided on the sample 260 is irradiated via a first set of the first and second split 
beam pulse 21 1, 221, the melted areas of the section 82 are permitted to cool and re- 
30 solidify. Since the at least partially unmelted areas 63 of the section 82 of the silicon 
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thin film have the original grain structure of the areas 61 of the section 82, such grain 
structure in each-at least partially unmelted area 63 seeds lateral growth of grains into 
the adjoining re-solidifying melted regions of the section 82. During such re- 
solidification of each melted area, the grains grow outward from each one of the at 
5 least partially unmelted areas 63 in a respective re-solidification area 55 immediately 
surrounding the at least partially unmelted area 63 in the section 82 of the silicon thin 
film. After the re-solidification of the regions 55, areas 52 are formed at the edges or 
borders of these regions 55. The areas 52 are small grained polycrystalline silicon 
areas formed due to a nucleation, i.e., the sections of the silicon thin film 

1 0 corresponding to these areas 52 have been partially melted and re-solidified with 
small grains provided therein. Each re-solidification region 55 is bounded by the 
respective areas 52 and the neighboring re-solidification region 55, as well as the 
areas 52. The grain growth in each of the melted and re-solidifying regions 55 is 
effectuated by seeding thereof via the at least partially ninmelted region 63 within the 

1 5 respective re-solidification region 55 . 

The abutting grain growth distance of the grains growing from each 
one of the at least partially unmelted areas 63 is approximately half the width of the 
melted regions as defined by the width of the beamlets (or shaped beam pulses) 
exiting from the mask 230. In this manner, larger grains 62 are formed in each of the 

20 re-solidification areas 55 after the re-solidification of the melted regions of the section 
82 is completed. The spacing between the adjacent at least partially unmelted areas 
63 should be such that the grains growing from each such unmelted area 63 abuts the 
grains growing from its two adjacent at least partially unmelted areas 63 before the re- 
solidification of the melted regions of the section 82 of the silicon thin film is 

25 completed (i.e., before the nucleation of new grains occurs in the intervening spaces). 
The characteristic growth distance of the grains is the distance that the grains grow 
before the nucleation of new grains occurs. 

Turning to Figure 4D, because the position of impingement of the first 
and second split beam pulses 21 1, 221 on the section 82 of the silicon thin film is 
30 preferably fixed, the sample 260 is then repositioned by the sample translation stage 
250 under the control of the computing arrangement 270. This is done so. that the 
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shadow regions 64 of the intensity pattern of a second set of the first and second split 
beam pulses 21 1, 221 (generated when the second set of the second split beam pulses 
221 are passed through the mask 230) can each be slightly shifted by a distance less 
than the largest abutting grain growth distance (due to the irradiation of the first set of 
5 the first and second split beam pulses 21 1, 221 with respect to the previous positions 
on the section 82 of the shadow regions 61 of the intensity pattern of the first set of 
the first and second split beam pulses 211, 221), The abutting grain growth distance 
is the distance that a grain grows from an at least partially unmelted region in an 
adjoining melted region before abutting another grain growing in the same melted 

10 region and before abutting the area 52 (i.e., a nucleation region). In this manner, 

when the second set of first and second split beam pulses 211, 221 is irradiated on the 
section 82 of the silicon thin film, each shadow region 64 overlaps a different section 
within the same re-solidification area 55 formed after the irradiation by the first set of 
the first and second split beam pulses 21 1, 221, which is different from the previous 

15 shadow region. 

For example, the position of the new shadow regions 64 can be shifted 
from the previous position of the shadow regions 61 by a distance in the range of 0.01 
m to 10 m. Such minor repositioning shall be referred to hereinafter as a 
'*microtranslation" Optionally, the mask 230 may be microtranslated (i.e., instead of 

20 or together with) the sample 260 to obtain the desired shift of the shadow regions 64 
of the intensity pattern when the second set of the first and second split beam pulses 
211, 221 irradiates the section 82. Although the beamlets of the intensity pattern of 
the second set of the first and second split beam pulses 21 1, 221 are also shifted with 
respect to that of the intensity pattern of the first set of the first and second split beam 

25 pulses 21 1 , 22 1 , the shifted beamlets still overlap all regions of the section 82 not 
overlapped by the respective shifted shadow regions 64. 

As shown in Figure 4D, after the above-described microtranslation of 
the sample 260, the system of Figure 2 irradiates the section 82 with the second set of 
the first and second split beam pulses 21 1, 221. This is done so that each region of 
30 the section 82 of the silicon thin film that is overlapped by the shifted and unblocked 
beamlet is melted throughout its entire thickness, and each area of the section 82 
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which is prevented from being irradiated by a respective region of the dot-type pattern 
of the mask 230 (i.e., the respective shifted shadow region 64) remains at least 
partially unmelted. Each one of the at least partially unmelted areas adjoins 
respective adjacent melted areas. The sample 260 may be microtranslated in any 
5 direction so long as each one of the shifted shadow regions 64 overlaps a portion 
within the same re-solidification area 55 as a portion overlapped by a corresponding 
one of the shadow regions 61 of the intensity pattern of the first set of the first arid 
second split beam pulses 21 1, 221. For example, the sample 260 can be 
microtranslated in the -A direction which is at minus 135° with respect to the X axis, 
10 where rotation of the angles in the counterclockwise direction are taken as positive, or 
the sample 260 can be microtranslated in the +A direction which is at an angle of 45° 
with respect to the X axis. 

Figure 4E shows the section 82 of the silicon thin film provided on the 
sample 260 after the completion of the re-solidification of the melted regions 

1 5 following the irradiation by the second set of the first and second split beam pulses 
21 1, 221 . There will be a greater number of the grains that will be grown in a 
corresponding one of new re-solidification regions 55 1 upon the re-solidification of 
each melted region of the section 82 after the irradiation by the second set of the first 
and second split beam pulses 21 1, 221 . This is because each one of the at least 

20 partially unmelted areas 65 after the first microtranslation of the sample 260 and the 
irradiation by the second set of the first and second split beam pulses 21 1, 221 
contains a smaller number of grains than was contained in each one of the at least 
partially unmelted areas 63 after irradiation by the first set of the first and second split 
beam pulses 21 1, 221 . As illustrated in Figure 4E, the growth of the grains takes 

25 place laterally from each of the shifted at least partially unmelted areas 65 to either 
reach the nucleated areas 52 of the section 82 formed after the re-solidification, or to 
abut the grains growing from the adjacent shifted at least partially unmelted regions 
65 to define the new re-solidification areas 55*, the abutting grains having grown by 
respective abutting growth distances. Referring again to Figure 4E, each of the new 

30 re-solidification areas 55 ! has fewer and larger grains 66 than those in the previous re- 
solidification areas 55 as illustrated in Figure 4C. 
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Referring to Figure 4F, after the re-solidification of the melted areas 
that followed the irradiation thereof by the second set of the first and second split 
beam pulses 21 1, 221 is completed, the sample 260 may be further microtranslated 
(with respect to the first and second split beam pulses 211, 221) in any direction by a 
5 distance less than the largest abutting grain growth distance (after the second set of 
• the first and second split beam pulses 21 1, 221 irradiated the section 82). This is done 
so that the twice-shifted shadow regions 67 of the intensity pattern of a third set of the 
first and second split beam pulses 21 1, 221 each overlaps or irradiates a different area 
within a respective one of the re-solidification areas 55 . In the exemplary illustration 

10 of Figure 2F, the direction of the further microtranslation B is at 45° with respect to 
the X axis. After the sample 260 is microtranslated in this direction, the section 82 is 
irradiated by a third set of the first and second split beam pulses 211, 221 having the 
same intensity pattern defined by the mask 230, but in the portions where the shadow 
regions 67 each have been shifted twice. The twice-shifted shadow regions 67 are 

1 5 displaced from respective previous shadow regions 64 by a distance less than the 

largest abutting grain growth distance after the irradiation by the second set of the first 
andsecondspUtbeampulses211,221,fore^ample,intherangeof0.01 m to 10 m. 
Although the beamlets of the intensity pattern of the third set of the first and second 
split beam pulses 211, 221 are also shifted with respect to that of the intensity pattern 

20 of the second set of the first and second split beam pulses 211, 221, the twice-shifted 
beamlets still overlap all areas of the section 82 not overlapped by a respective one of 
the twice-shifted shadow regions 67. 

Figure 4G illustrates the re-solidified section 82 of the silicon thin film 
provided on the sample 260 after being irradiated by the third set of the first and 

25 second split beam pulses 2 1 1 , 22 1 , and shows the completion of the re-solidification 
of the metfed areas. Because the twice-shifted at least partially unmelted areas 71 
each contain a smaller number of grains than was contained in the once-shifted at 
least partially unmelted areas 65, there will be an equal or smaller number of grains 
that will be grown in a corresponding one of new re-solidification areas 69 upon the 

30 completion of the re-solidification of each melted area of the section 82 (after the 
section 82 is irradiated by the third set of the first and second split beam pulses 211, 
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221). As shown in Figure 4G, the growth of the grains takes place laterally from each 
of the twice shifted at least partially unmelted areas 71 to either reach the again- 
nucleated area 52, or to abut grains growing from adjacent twice shifted at least 
partially unmelted areas 71 to define the new re-solidification areas 69, the abutting 
5 grains having grown by respective abutting grain growth distances. Each of the new 
re-sohdification areas 69 has fewer and larger grains 68 than the previous re- 
solidification areas 55' illustrated in Figure 4E. 

Turning now to Figure 2H, after each melted area of the section 82 is 
re-solidified (i.e., following the irradiation by the third set of the first and second split 

10 beam pulses 21 1, 221 is completed), the sample 260 may be further microtranslated 
with respect to the first and second split beam pulses 21 1, 221 in any direction by a 
distance less than the largest abutting grain growth distance after the irradiation by 
third set of the first and second split beampulses 21 1, 221 . In this manner, the thrice- 
shifted shadow regions 63 of the intensity pattern of a fourth set of the first and 

15 second split beam pulses 21 1, 221 overlaps a different area within a respective one of 
the re-solidification areas 69. In the exemplary embodiment illustrated in Figure 4H, 
the direction of a further microtranslation in a direction C is at -135° with respect to 
the X axis, and the distance of the further microtranslation is in the range of 0.01 m 
to 10 m. After the sample 260 is microtranslated in this direction by the above noted 

20 distance, the section 82 of the silicon thin film is irradiated by the fourth set of the 

first and second split beam pulses 21 1, 221 having the same intensity pattern as that of 
the third set of the first and second split beam pulses 21 1, 221 illustrated in Figure 4F, 
but where.the shadow regions 72 and the respective intensity pattern each have been 
shifted thrice with respect to the section 82. 

25 Figure 41 show the re-solidified section 82 after it is irradiated by the 

fourth set of the first and second split beam pulses 21 1, 221, along with the 
completion of the re-solidification of each melted area. The at least partially 
unmelted'areas 73 overlapped or irradiated by respective ones of the thrice-shifted 
shadow regions 63 (i.e., the thrice-shifted at least partially unmelted areas) each 

30 contain a single grain. Thus, there would likely be an equal or greater number of the 
grains that will be grown in a corresponding one of the new re-solidification areas 70 
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upon the completion of the re-solidification of the melted areas of the section 82. As 
illustrated in Figure 41, the growth of the grains takes place laterally from each one of 
the thrice-shifted at least partially unmelted areas 73 to either reach the again- 
nucleated area 52 or to abut the grains groWg from adjacent thrice-shifted at least 
5 partially unmelted areas 73 to define the new re-solidification areas 70. Each of the 
new re-solidification areas 70 of the section 82 has a single grain being grown therein, 
and each grain boundary is substantially perpendicular to a respective one of the 
section 82 at the location of the grain boundary. It should be understood that the 
section 82 may be subjected to more or less of the microtranslation, irradiation and re- 
10 solidification steps, as described with reference to Figures 4A-4I, so as to obtain the 
desired long-grained crystalline structure illustrated in Figure 41 in the section 82. 

After the completion of the above-described LS processing to obtain a 
desired crystalline grain structure in the section 82 of the silicon thin film, the sample 
260 may be translated to a next section for LS processing therein. For example, the 

1 5 sample 2.60 may translated in -K direction (which is a direction that is +1 35° with 
respect to the X axis) for a distance that is preferably slightly smaller than the 
diameter of the longest distance between the side walls of the re-solidified areas of the 
section 82. In this manner, the translated intensity pattern generated by the first and 
second split beam pulses 211, 221 irradiates a neighboring section of the silicon thin 

20 film provided on the sample 260 with is provided at an offset and -45° from the re- 
solidified areas of the section 82. 

Figure 4J shows a top view of exemplary thin film transistor devices 
90, 90* which can be fabricated using the exemplary process illustrated in Figures 4A- 
41 and described above. Each of the transistor devices 90, 90' includes a source (S) 
25 terminal 9-1, 91 f and a drain (D) terminal 92, 92'. In addition, these transistor devices 
90, 90 1 have respective active channel region 93, 93' which are positioned within the 
large grained silicon area. Such positioning will yield an improved electrical 
performance, and permit the incorporation of highly functional electrical circuitry. 

A second exemplary embodiment of the process according to the 
30 present invention shall now be described with reference to Figures 5A-5E. For 
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purposes of illustration, the same configuration of the section 82 of the silicon thin 
film provided on the sample 260 used to describe the first exemplary embodiment of 
the process (as illustrated in Figures 4A-4I) is used herein to describe the present 
embodiment of the process according to the present invention. As in the first 
5 exemplary embodiment of the process, the section 82 initially has small grains and 
grain boundaries that are oriented in random directions. 

Referring to Figure 5B, the section 82 of the silicon thin film is 
irradiated by a first set of the first and second split beam pulses 2 1 1 , 22 1 having an 
intensity pattern as defined by another exemplary embodiment of the mask 230. This 

1 0 exemplary mask 230 includes a relatively narrow opaque strip which is surrounded by 
the transparent segments of the mask. The opaque strip is configured such that it does 
not allow the portion of the second split beam pulse 221 irradiating it to pass there 
through, while the transparent segments surrounding the opaque strip allow portions 
of the second split beam pulses 221 to be irradiated there through. Accordingly, when 

15 the second split beam pulse 221 is applied to this mask 230, the intensity pattern of 
the resultant beam pulses has strip-like shadow regions 83 corresponding in shape to 
the opaque strips of the mask 230. In addition to the shadow regions 83, the intensity 
pattern of the first radiation beam pulses, as defined by the mask 230, also includes 
the beamlets that irradiate all areas of the section 82 not overlapped by the shadow 

20 regions 83. Advantageously, the width of the shadow regions 83 can be in the range 
of 0.01 mto5 m. 

Initially, the sample 260 is positioned so that the shadow regions 83 of 
the intensity pattern of a first set of the first and second split beam pulses 21 1, 221 
overlaps the section 82 along the center line of the section 82 of the silicon thin film. 

25 Upon being irradiated by the first set of the first and second split beam pulses 211, 
221, each of areas 85, 86 of the section 82 that is overlapped by the non-shadowed 
region of the intensity pattern of the second split beam pulses 221 is melted ' 
throughout its entire thickness, while each portion of the section 82 overlapped by the 
respective shadow region 83 remains at least partially unmelted. The shadow regions 

30 83 of the intensity pattern of the second split beam pulses 21 1 are sufficiently wide so 
that the thermal diffusion from the melted areas 85, 86 in the section 82 does not 
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significantly melt the areas of the section 82 overlapped by the respective shadow 
regions 83. After the irradiation by the first set of the first and second split beam 
pulses 21 r, 221, the at least partially unmelted regions 84 (see Figure 5Q in the 
section 82 will have the original grain structure of the section 82 before the LS 
5 processing. 

Turning now to Figure 5C, upon the cooling and re-solidification of the 
melted areas 85, 86 in the section 82 after me irradiation by the first set of the first 
and second split beam pulses 211, 221, a lateral growth of the grains will occur 
outwardly from each one of the at least partially unmelted areas 84 to the area 52 
1 0 which was not fully melted and then re-solidified (i.e., the nucleated small grain area). 
In this manner, the re-solidification areas 87, 88 are formed in the section 82 with 
each one of the re-solidification areas 87, 88 having a respective row 73, 74 of larger 
crystal grains with grain boundaries oriented at larger angles with respect to the 
section 82. 

1 5 Turning now to Figure 5D, after the completion of the re-sohdification 

of the melted areas 85, 86 in the section 82 that follows the irradiation by the first set 
of the first and second split beam pulses 21 1, 221, the sample 260 is microtranslated 
in the M direction at 135° with respect to the X axis, or the mask 230 (shown in 
Figure 2) may be microstranslated in the -M direction at -45° with respect to the X • 

A 

20 axis, to cause the shadow regions 76 of the intensity pattern of a second set of the first 
and second split beam pulses 211, 221 to be shifted so as to overlap respective ones of 
the rows 73 of the grains in the section 82. It should be understood by those skilled in 
the art that either the sample 260, the mask 230 or both may be microtranslated so as 
to cause the shadow regions 76 of the intensity pattern of the second set of the first 

25 and second split beam pulses 211, 221 to overlap respective ones of the rows 74 of 
grains. Although the beamlets of the intensity pattern of the second set of the first and 
second split beam pulses 21 1, 221 are also shifted with respect to the position of the 
intensity pattern of the first set of the first and second split beam pulses 21 1, 221, the 
shifted beamlets still overlap all areas of the section 82 not overlapped by a respective 

30 one of the shifted shadow regions 76. Except for me shifting of the shadow regions 
76 and the beamlets, the intensity pattern of the second set of the first and second split 
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beam pulses 21 1, 221 is the same as that of the first set of the first and second split 
beampulses211,221. 

After the microtranslation of the sample 260 or the mask 230 (or both), 
the section 82 is irradiated by the second set of the first and second split beam pulses 

.5 21 1, 221 . This is done because each area of the section 82 overlapped by the shifted 
beamlet is melted throughout its entire thickness, while each area of the section 82 
overlapped by a respective one of the shifted shadow regions 76 remains at least 
partially unmelted. Each at least partially unmelted areas adjoins adjacent melted 
areas. Because the at least partially unmelted areas will contain larger grains with 

10 grain boundaries forming larger angles with respect to the section 82 than the grains 
and grain boundaries of the original section 82, upon the re-solidification of the 
melted areas 77, 78 in the section 82, these larger grains will seed the growth of the 
grains laterally in each direction from the at least partially unmelted areas 85 towards 
the re-nucleated areas 52 of the section 82 so that the section 82 will have larger 

15 grains as illustratively represented in Figure 5E. After re-solidification of the melted 
areas 77, 78 and following the irradiation of the section 82 by the second set of the 
first and second split beam pulses 21 1, 221 is completed, additional iterations of the 
microtranslation of the either the sample 260 or the mask 230 in an appropriate 
direction, the irradiation by a further set of the first and second split beam pulses 211, 

20 22 1 , and the re-solidification of each melted area of the section 82 of the silicon thin 
film provided on the sample 260 may be carried out to further reduce the number of 
grains in the section 82. 

After completion of the LS processing of the section 82 to obtain a 
desired crystalline grain structure in the section 82 of the silicon thin film as described 

25 above with reference to Figures 5A-5E, and as discussed above with reference to the 
exemplary process of Figures 4A-4I, the sample 260 may be translated to a next 
section of. the silicon thin film for LS processing therein. In particular, the sample 
260 may be translated to a further section so that the LS processing can be performed 
therein. For example, the sample 260 may translated in -M direction for a distance 

30 such that the next irradiation by the first and second split beam pulses 21 1 , 221 

slightly overlaps the previously irradiated, completely melted and re-solidified areas 
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of the section 82. In this manner, the translated intensity pattern generated by the first 
and second split beam pulses 21 1, 221 irradiates a neighboring section of the silicon 
thin film provided on the sample 260, which is provided at an offset and -45° from 
the re-solidified areas of the section 82. 

5 A third exemplary embodiment of the process according to the present 

invention shall now be described with reference to Figures 6A-6D. In this exemplary 
embodiment of the process, as shown in Figure 6A, the mask 230 includes at least two 
sets of slits 300, 310 which have respective opaque regions 307, 317 surrounding 
corresponding transparent regions 305, 309 and 315, 319 of the mask 230. The mask 
10 230 used in this exemplary embodiment of the process according to the present 

invention does not have any opaque regions inside the transparent regions 305, 309, 
315,319. Accordingly, with the use of the slits 300, 3 1 0, the second split beam pulse 
221 is shaped to have the irradiation pattern substantially corresponding to the pattern 
of the slits 300, 310 of the mask 230. 

15 Turning now to Figure 6B, the same configuration of the section 82 of 

the silicon thin film provided on the sample 260 used to describe the first and second 
exemplary embodiments .of the process (as illustrated in Figures 4A-4I and 5 A-5E, 
respectively) is used herein to describe the present embodiment of the process 
according to the present invention. As in the first and second exemplary embodiment 

20 of the process, the section 82 initially has small grains and grain boundaries that axe 
oriented in random directions. Initially, areas 320, 328, 330, 338 of the section 82 of 
the silicon thin film are irradiated by a first set of the first and second split beam 
pulses 21 1, 221 having an intensity pattern as defined by the exemplary embodiment 
of the mask 230 shown in Figure 6A. In particular, the areas 320, 328 are irradiated 

25 by the portion of the intensity pattern of the second split beam pulses 221 which are 
shaped by the slits 305, 309 of the mask 230, and the areas 330, 338 are irradiated by 
the portion of the intensity pattern of the second split beam pulses 221 which are 
shaped by the slits 315, 319 of the mask 230. Since the oblique regions of the mask 
230 prevent the second split beam pulses 221 from irradiating the areas 329, 339 of 

30 the sectiok 82 which are immediately adjacent to the areas 320, 328, 330, 338, these 
' areas 329, 339 are at least partially unmelted. After the irradiation by the first set of 
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the first and second split beam pulses 21 1, 221, the areas 320, 328, 330, 338 are 
melted throughout their entire thickness. 

'- Thereafter, the at least partially unmelted areas 329, 339 of the section 
82 of the silicon thin film re-solidify and crystallize to form nucleated areas 
5 corresponding to the at least partially unmelted areas 329, 339. Also, after the 
iiradiation thereof by the first set of the first and second split beam pulses 21 1, 221, 
the melted areas 320, 328, 330, 338 in the section 82 cool and re-solidify, and the 
lateral growth of the grains occurs outwardly from the nucleated areas 329, 339 
toward respective centers 322, 332 of the completely melted and resolifying areas 
10 320,, 328, 330, 338. In this manner, the re-solidification areas 320, 328, 330, 338 are 
formed in the section 82 with each one of the re-solidification areas 320, 328 and 330, 
338 having two respective rows 322, 324 and 332, 334 of larger crystal grains. 

After the completion of the re-solidification of the melted areas 320, 
328 and 330, 338 in the section 82, and following the irradiation by the first set of the 

15 first and second split beam pulses 21 1, 221, the sample 260 is translated in the M 
direction at 135° with respect to the X axis, or the mask 230 (shown in Figure 2) may 
be microstranslated in the -M direction at -45° with respect to the X axis, so as to 
cause the intensity pattern of a second set of the first and second split beam pulses 
21 1, 221 to be shifted to overlap at least one entire row 324, 334 of the re-solidified 

20 areas 320, 328 and 330, 338 in the section 82 (e.g., preferably to overlap the 

respective centers 322, 332 thereof). It should be understood by those skilled in the 
art that either the sample 260, the mask 230 or both may be translated to cause the 
intensity pattern of the second set of the first and second split beam pulses 211, 221 to 
slightly overlap at least one row 324, 334. It should be understood mat the intensity 

25 pattern of the second set of the first and second split beam pulses 21 1, 221 is the same 
as that of the first set of the first and second split beam pulses 21 1, 221. It is also 
within the scope of the present invention for the intensity pattern of a second set of the 
first and second split beam pulses 211, 221 to slightly overlap a small section of at 
least one row 324, 334 of the re-solidified areas 320, 328 and 330, 338 in the section 

30 82. 
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After the translation of the sample 260 or the mask 230 (or both), new 
areas 340, 342, 350, 352 of the section 82 (which are overlapped by the relatively 
translated first and second split beam pulse 211, 221) are irradiated by the irradiation 
pattern of the second set of the first and second split beam pulses 21 1, 221. As with 
5 the areas 320, 328, 330, 338, the new areas 340, 342, 344, 346 of the section of the 
silicon thin film are completely melted throughout their thickness. As discussed . 
previously, due to the fact that the oblique regions of the mask 230 prevent the second 
split beam pulses 221 from irradiating the areas 343, 347 of the section 82 which are 
immediately adjacent to the areas 340, 342 and 344, 346, respectively, these adjacent 
10 areas 343, 347 are at least partially unmelted. Figure 6C shows the sample 260 when 
the completely melted areas 340, 342, 344, 346 have re-solidified after being 
irradiated by the first and second split beam pulses 21 1 , 221 . Also shown are the 
areas 343, 347 which were partially melted. 

As shown in Figure 6D, upon the re-solidification of the fully melted 
15 areas 340,. 342, 344, 346 in the section 82, the areas 343, 347 re-solidify and nucleate 
such that the grains of the nucleated areas 343, 347 will seed the growth of the grains 
of the melted areas 340, 342, 344, 346 laterally toward the respective centers of these 
areas 340, 342, 344, 346. At the same time, the grains of the solidified and not re- 
melted portions of the areas 320, 328, 330, 338 will also seed the grain growth of the 
20 areas 340, 342, 344, 346 laterally toward the respective centers of these areas 340, 
342, 344, 346. In this manner, the grains extending from the solidified and not re- 
melted portions of the areas 320, 328, 330, 338 will extend into the newly solidifying 
areas 340, 342, 344, 346 so as to form long crystalline grains which extend up to the 
respective centers 352, 356 and 362, 366 of the re-solidified areas of the section 82 of 
25 the silicon thin film which correspond to the melted areas 340, 342 and 344, 346, 

respectively. Therefore, the grains in the rows 324, 334 will be longer than the grains 
in rows 350, 354,360,364. 

In this manner, the LS processing of the section 82 to obtain a desired 
long crystalline grain structure in the section 82 of the silicon thin film as described 
30 above with reference to Figures 6A-6D can be achieved. It should be understood that 
the translation of the sample 260 in the +M direction or the mask 230 in the -M 
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direction may continue until the entire sample has been irradiated in the manner 
described above with reference to the third exemplary embodiment of the process 
accordingto the present invention. 

Figure 7 is a flow diagram representing an exemplary LS processing 
5 procedure under at least partial computer control using the processes of the present 
invention of Figures 4A-4I, 5A-5E and 6A-6D, as may be carried out by the system of 
Figure 2, In step 500, the hardware components of the system of Figure 2, such as the 
beam source 200 and the homogenizer 213, are first initialized at least in part by the 
computing arrangement 270. The sample 260 is loaded onto the sample translation 

1 0 stage 250 in step 505 . It should be noted that such loading may be performed either 
manually or automatically using known sample loading apparatus under the control of 
the computing arrangement 270. Next, the sample translation stage 250 is moved, 
preferably under the control of the computing arrangement 270, to an initial position 
in step 510. Various other optical components of the system are adjusted manually or 

15 under the control of the computing arrangement 270 for a proper focus and alignment 
in step 515, if necessary. In step 520, the irradiation/laser beam 201 is stabilized at a 
predetermined pulse energy level, pulse duration and repetition rate. Then, the 
irradiation/laser beam 201 is directed to the beam splitter 210 to generate the first split 
beam pulse 21 1 and the second split beam pulse 221 in step 525. In step 530, the 

20 second split beam 221 is aligned with the mask 230, and the second split beam pulse 
221 is irradiated through the mask 230 to form a masked beam pulse 225, 

In step 535, if the current section of the sample 260 is unmelted or has 
already solidified, this current section of the sample 260 is irradiated with the first 
split beam pulse 211 and the masked beam pulse 225 which has an intensity pattern 

25 controlled by the mask 230. During this step, the sample 260 can be microtranslated 
as described above with reference to the processes illustrated in Figures 4A-4I and 
5 A-5E, and the corresponding sections again irradiated and melted throughout their 
entire thickness. In step 540, it is determined whether there are any more sections of 
the sample 260 that need to be subjected to the LS processing. If so, the sample 260 

30 is translated using the sample translation stage 250 so that the next section thereof is 
aligned with the first and second split beam pulses 21 1, 221 (step 545), and the LS 
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processing is returned to step 535 to be performed on the next section of the sample 
260. Otherwise, the LS processing has been completed for the sample 260, the 
hardware components and the beam of the system shown in Figure can be shut off 
(step 550), and the process terminates. 

5 The foregoing merely illustrates the principles of the invention. 

Various modifications and alterations to the described embodiments will be apparent 
to those skilled in the art in view of the teachings herein. For example, while the 
above embodiment has been described with respect to sequential lateral solidification,, 
it may apply to other materials processing techniques, such as micro-machining, 
. 10 photo-ablation, and micro-patterning techniques, including those described in 

International patent application no. PCT/US01/12799 and US. patent application 
serial nos. 09/390,535, 09/390,537 and 09/526,585, the entire disclosures of which 
are incorporated herein by reference. The various mask patterns and intensity beam 
patterns described in the above-referenced patent application can also be utilized with 
1 5 the process and system of the present invention. It will thus be appreciated that those 
skilled in the art will be able to devise numerous systems and methods which, 
although not explicitly shown or described herein, embody the principles of the 
invention and are thus within the spirit and scope of the invention. 
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Wh4t Is Claimed Is: 

1 . A process for processing a silicon thin film on a sample, comprising the steps 
of: 

5 (a) controlling an irradiation beam generator to emit irradiation beam 

pulses at a predetermined repetition rate; 

(b) separating the irradiation beam pulses into a first set of separated beam 
pulses and a second set of separated beam pulses; 

(c) forwarding the first set of separated beam pulses to irradiate and pass 
10 at least portions thereof through a mask to produce a plurality of beamlets; and 

(d) providing the second set of separated beam pulses and the beamlets to 
impinge and irradiate at least one section of the silicon thin film, wherein, when the 
second set of separated beam pulses and the beamlets simultaneously irradiate the at 
least one section of the silicon thin film, the second set of the separated beam pulses 

15 and the beamlets provide a combined intensity which is sufficient to melt the at least 
one irradiated section of the silicon thin film throughout an entire thickness of the 
section. 

2. The process according to claim 1, wherein the first set of separated beam 
pulses has a corresponding intensity which is lower than an intensity required to 

20 damage or degrade the mask. f. 

3. The process according to claim 1, wherein step (c) includes the substep of 
preventing the second set of separated beam pulses from being forwarded to the mask. 

4. The process according to claim 3, whferein the preventing substep is performed 
by diverting the second set of separated beam pulses away from the mask prior to the 

25 second set of separated beam pulses reaching the mask. 

5. The process according to claim 1, wherein the second set of separated beam 
pulses has a corresponding intensity which is lower than an intensity required to melt 
the ,at least one section of the silicon thin film throughout the entire thickness thereof. 
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6. The process according to claim 1, wherein, during step (d), the at least one 
irradiated and melted section of the silicon thin film is allowed to re-solidify and 
crystallize. 

7. The process according to claim 6, further comprising the step of: 

5 (e) after step (d) and after the section of the silicon thin film re- 

solidifies and crystallizes, translating the sample so that the beamlets and the second 
set of separated beam pulses impinge a further section of the silicon thin film, wherein 
the further section at least partially overlaps the section that was allowed to re-solidify 
and crystallize. 

10 8. The process according to claim 7, further comprising the step of: 

(f) after step (d) and before step (e), microtranslating the sample so 
that the beamlets and the second set of separated beam pulses impinge at least one 
previously irradiated, fully melted, re-solidified and crystallized portion of the section 
of the silicon thin film. 

15 9. The process according to claim 8, wherein the beamlets and the second set of 
separated beam pulses irradiate and fully melt the section of the silicon thin film from 
a microtranslated location of impingement on the sample. 

1 0. The process according to claim 8, wherein the mask has a dot-like pattern such 
that dot pOjrtions of the pattern are oblique regions of the mask which prevent certain 

20 portions of the first set of separated beam pulses to irradiate there through. 

1 1 . The process according to claim 8, wherein the mask has a line pattern such 
that line portions of the pattern are oblique regions of the mask which prevent certain 
portions of the first set of separated beam pulses to irradiate there through. 

12. The process according to claim 7, wherein the mask has a transparent pattern 
25 such that transparent portions of the pattern do not include oblique regions therein, the 

oblique regions capable of preventing certain portions of the first set of separated 
beam pulses to irradiate there through. 
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13. A process for processing a silicon thin film on a sample, comprising the steps 
of: 

(a) controlling an irradiation beam generator arrangement to provide first 
and second sets of irradiation beam pulses at a predetermined repetition rate; 
5 (b) forwarding the first set of beam pulses to irradiate and pass at least a 

portion thereof through a mask to produce a plurality of beamlets; and 

(c) providing the second set of beam pulses and the beamlets to impinge 
and irradiate at least one section of the silicon thin film, wherein, when the second set 
of beam pulses and the beamlets simultaneously irradiate the at least one section of 
10 the silicon thin film, the second set of beam pulses and the beamlets provide a 

combined intensity which is sufficient to melt the at least one irradiated section of the 
silicon thin film throughout an entire thickness of the section. 

14. The process according to claim 13, wherein step (a) includes the substeps of: 

i. emitting irradiation beam pulses at a predetermined repetition 

15 rate, and 

ii. separating the irradiation beam pulses into the first set of beam 
pulses and the second set of beam pulses. 

15. The process according to claim 14, wherein substep (ii) is performed prior to 
the irradiation beam pulses reaching the mask. 

20 16. The process according to claim 13, wherein the first set of beam pulses has a 
corresponding intensity which is lower than an intensity required to damage or 
degrade the mask. 

17. The process according to claim 13, wherein step (b) includes the substep of 
preventing the second set of beam pulses from being forwarded to the mask. 



25 



1 8. Tte process according to claim 1 6, wherein the preventing substep is 
performed by diverting the second set of beam pulses away from the mask prior to the 
second set of beam pulses reaching the mask. 
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19. The process according to claim 13, wherein the second set of beam pulses has 
a corresponding intensity which is lower than an intensity required to melt the at least 
one section of the silicon thin film throughout the entire thickness thereof. 

20. The process according to claim 13, wherein, during step (c), the at least one 
5 irradiated and melted section of the silicon thin film is allowed to re-solidify and 

crystallize. 

21. The process according to claim 20, further comprising the step of: 

(d) after step (c) and after the section of the silicon thin film re-solidifies 
and crystallizes, translating the sample so that the beamlets and the second set of 

10 beam pulses impinge a fiirther section of the silicon thin film, wherein the further 
section at least partially overlaps the section that was allowed to re-solidify and 
crystallize. 

22. The process according to claim 21, further comprising the step of: 

(e) after step (c) and before step (d), microtranslating the sample so that 
15 the beamlets and the second set of beam pulses impinge at least one previously 

irradiated, fully melted, re-solidified and crystallized portion of the section of the 
silicon thin film. 

23. The process according to claim 22, wherein the beamlets and the second set of 
beam pulses irradiate and fully melt the section of the silicon thin film from a 

20 microtranslated location of impingement on the sample. 

24. The process according to claim 22, wherein the mask has a dot-like pattern 
such thatdot portions of the pattern are oblique regions of the mask which prevent 
certain portions of the first set of beam pulses to irradiate there through. 

25. The process according to claim 22, wherein the mask has a line pattern such 
25 that line portions of the pattern are oblique regions of the mask which prevent certain 

portions of the first set of beam pulses to irradiate there through. 



WO 02/42847 



28 



PCT/US01/44415 



26. The process according to claim 21 , wherein the mask has a transparent pattern 
such that transparent portions of the pattern do not include oblique regions therein, the 
oblique regions capable of preventing certain portions of the first set of beam pulses 
to irradiate there through. 

5 27. A system for processing a silicon thin film on a sample, comprising: 
a memory storing a computer program; and 

a processing arrangement executing the computer program to perform the 
following steps: 

(a) controlling an irradiation beam generator to emit irradiation 
10 beam pulses at a predetermined repetition rate, 

(b) causing the irradiation beam pulses to be separated into a first 
set of separated beam pulses and a second set of separated 
beam pulses, 

(c) forwarding the first set of separated beam pulses to irradiate 

1 5 and pass at least portions thereof through a mask to produce a 

plurality of beamlets, and 

(d) causing the second set of separated beam pulses and the 
beamlets to impinge and irradiate at least one section of the 
silicon thin film, 

20 wherein, when the second set of separated beam pulses and the beamlets, 

when both simultaneously irradiate the at least one section of the silicon thin film, the 
second set. of separated beam pulses* and beamlets provide a combined intensity which 
is sufficient to melt the at least one irradiated section of the silicon thin film 
throughout an entire thickness of the section. 

25 28. The system according to claim 27, further comprising a beam splitter arranged 
in a vicinity of the processing arrangement, wherein the processing arrangement 
causes the irradiation beam pulses to be forwarded to the beam splitter which 
separates the irradiation beam pulses into the first set of separated beam pulses and 
the second set of separated beam pulses. 
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29. The system according to claim 28* wherein the beam splitter is located 
upstream in a path of the irradiation beam pulses from the mask. 

30. The system according to claim 27, wherein the first set of separated beam 
pulses has a corresponding intensity which is lower than an intensity required to 

5 damage or degrade the mask. 

3 1 . The system according to claim 27, wherein the processing arrangement 
executes the computer program to prevent the second set of separated beam pulses 
from being forwarded to the mask. 

32. The system according to claim 31, wherein the second set of separated beam 
10 pulses from being forwarded to the mask by diverting the second set of separated 

beam pulses away from the mask prior to the second set of separated beam pulses 
reaching the mask. 

33 . The system according to claim 27, wherein the second set of separated beam 
pulses has a corresponding intensity which is lower than an intensity required to melt 

15 the at least one section of the silicon thin film throughout the entire thickness thereof. 

34. The system according to claim 27, wherein, when at least one section of the 
silicon thin film is irradiated, the at least one irradiated and melted section of the 
silicon thin film is allowed to re-solidify and crystallize. 

35. The system according to claim 34, wherein the processing arrangement 
20 executes the computer program to perform the following further step: 



(e) after substep (d) and after the section of the silicon thin film re- 
solidifies and crystallizes, causing a translation of the sample so 



25 



that the beamlets and the second set of separated beam pulses 
impinge a further section of the silicon thin film, wherein the 
further section at least partially overlaps the section that was 
allowed to re-solidify and crystallize. 
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36. The system according to claim 35, wherein the processing arrangement 
executes the computer program to perform the following further step: 

(f) after substep (d) and before substep (e), causing a 

microtranslation of the sample so that the beamlets and the 
second set of separated beam pulses impinge at least one 
previously irradiated, fully melted, re-solidified and crystallized 
portion of the section of the silicon thin film , 

37. The system according to claim 3 6, wherein the beamlets and the second set of 
separated beam pulses irradiate and fully melt the section of the silicon thin film from 
a microtranslated location of impingement of the sample. 

38. The system according to claim 36, wherein the mask has a dot-like pattern 
such that dot portions of the pattern are oblique regions of the mask which prevent 
certain portions of the first set of separated beam pulses to irradiate there through. 

39. The system according to claim 36, wherein the mask has a line pattern such 
that line portions of the pattern are oblique regions of the mask which prevent certain 
portions of the first set of separated beam pulses to irradiate there through. 

40. The system according to claim 35, wherein the mask has a transparent pattern 
such that transparent portions of the pattern do not include oblique regions therein, the 
oblique regions capable of preventing certain portions the first set of separated beam 
pulses to irradiate there through. 

41 . A system for processing a silicon thin film on a sample, comprising: 
a memory storing a computer program; and 

a processing arrangement executing the computer program to perform the 
following steps: 

(a) controlling an irradiation beam generator arrangement to provide first 
and second sets of irradiation beam pulses at a predetermined 
repetition rate, 
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(b) causing the first set of beam pulses to be irradiated and pass at least a 
portion thereof through a mask to produce a plurality of beamlets, and 

(c) causing the second set of beam pulses and the beamlets to impinge and 
irradiate at least one section of the silicon thin film, 

5 wherein, when the second set of beam pulses and the beamlets simultaneously 

irradiate the at least one section of the silicon thin film, the second set of beam pulses 
and the beamlets provide a combined intensity which is sufficient to melt the at least 
one irradiated section of the silicon thin film throughout an entire thickness of the 
section. 

1 0 42. The system according to claim 41 , wherein the processing arrangement causes 
the irradiation beam generator arrangement to emit irradiation beam pulses at a 
predetermined repetition rate. 

43 . The system according to claim 4 1 , further comprising a beam splitter arranged 
in a vicinity of the processing arrangement, wherein the processing arrangement 

15 causes the irradiation beam pulses to be forwarded to the beam splitter which 

separates the irradiation beam pulses into the first set of beam pulses and the second 
set of beam pulses. 

44. The system according to claim 41, wherein the beam splitter is located 
upstream in a path of the irradiation beam pulses from the mask. 

20 45. The system according to claim 43, wherein the beam splitter separates the 
irradiation beam pulses into the first set of beam pulses and the second set of beam 
pulses prior to the irradiation beam pulses reaching the mask, 

46. The system according to claim 41, wherein the first set of beam pulses has a 
corresponciing intensity which is lower than an intensity required to damage or 

25 degrade the mask. 

47. The system according to claim 41, wherein the processing arrangement 
executes the computer program to prevent the second set of beam pulses from being 
forwarded to the mask. 
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48. The system according to claim 47, wherein the second set of beam pulses from 
being forwarded to the mask by diverting the second set of beam pulses away from 

r' 

the mask prior to the second set of beam pulses reaching the mask. 

49. The system according to claim 41, wherein the second set of beam pulses has 
5 a corresponding intensity which is lower than an intensity required to melt the at least 

one section of the silicon thin film throughout the entire thickness thereof. 

50. The system according to claim 4 1 , wherein, when at least one section of the 
silicon thin film is irradiated, the at least one irradiated and melted section of the 
silicon thin film is allowed to re-solidify and crystallize. 

10 51. The system according to claim 50, wherein the processing arrangement 
executes the computer program to perform the following further step: 

(d) after substep (c) and after the section of the silicon thin film re- 
solidifies and crystallizes, causing a translation of the sample so that . 
the beamlets and the second set of beam pulses impinge a further 
1 5 section of the silicon thin film, wherein the further section at least 

partially overlaps the section that was allowed to re-solidify and 
crystallize. 

52. The system according to claim 5 1 , wherein the processing arrangement 
executes the computer program to perform the following further step: 
20 (e) after substep (c) and before substep (d), causing a microtranslation of 

the sample so that the beamlets and the second set of beam pulses 
impinge at least one previously irradiated, fully melted, re-solidified 
and crystallized portion of the section of the silicon thin film. 



25 



53 . The system according to claim 52, wherein the beamlets and the second set of 
beam pulses irradiate and fully melt the section of the silicon thin film from a 
microtranslated location of the sample. 
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54. The system according to claim 52, wherein the mask has a dot-like pattern 
such that dot portions of the pattern are oblique regions of the mask which prevent 
certain portions of the first set of beam pulses to irradiate there through. 

55. The system according to claim 52, wherein the mask has a line pattern such 

5 that line portions of the pattern are oblique regions of the mask which prevent certain 
portions of the first set of beam pulses to irradiate there through, 

56. The system according to claim 5 1 , wherein the mask has a transparent pattern 
such that transparent portions of the pattern do not include oblique regions therein, the 
oblique regions capable of preventing certain portions of the first set of beam pulses 

1 0 to irradiate there through. 
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